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COMPOUNDS 



The present invention relates to novel quinoline derivatives, processes for their 
preparation, and pharmaceutical compositions containing them. 

US patent 5,703,072 discloses bicyclic nonane and decane compounds having 
dopamine receptor affinity which are claimed to be of use in the treatment of schizophrenia. 
WO 98/50358, WO 98/50346, WO 98/47868, WO 98/47885 and WO 98/50343 all disclose a 
series of novel compounds which are claimed to possess combined 5-HT] a, 5-HTib and 5- 
HT]£) receptor antagonist activity and are useful in the treatment of various CNS disorders. 
WO 97/36867 and WO 98/14433 both disclose a series of lactam derivatives that are claimed 
to be selective agonist or antagonists of one or both of 5-HTja and 5-HTjd receptors. 

A structurally distinct class of compounds have now been found that exhibit 
combined 5-HTia> 5-HTjb and 5-HTi£> receptor affinity. It is expected that such 
compounds will be useful for the treatment and prophylaxis of various disorders. In a first 
aspect, the present invention therefore provides a compound of formula (I) or a salt thereof: 




(I) 

in which R a is selected from a group of formula (i) or (ii); 



Group of formula (i) 



a 

(i) 
- 1 - 
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wherein P 1 is phenyl, bicyclic aryl, C3_6cycloalkyl, a 5 to 7 membered heterocyclic ring 
containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur, or a bicyclic 
heterocyclic ring containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur; 
Rl is halogen, C^galkyl, C3_6cycloalkyl, C^galkoxy, hydroxy, hydroxy C^alkyl, 
hydroxyC^galkoxy, C^galkoxyCi^alkoxy, Ci.galkanoyl, N0 2 , CF3, CN, SR 9 , SOR 9 , 
S0 2 R 9 , SO 2 NRl0 R l 1, C0 2 R 10 , CONR^Rl 1, CONRlO(CH 2 ) c C0 2 Rl \ 
(CH 2 ) c NR10r11, (CH 2 ) c CONRlORn, (CH 2 ) c KR^COR^, (CH 2 ) c C0 2 Ci_ 6 alkyl, 
C0 2 (CH 2 ) c OR 10 , NRlORl 1, NR^C0 2 Rl i, nrIOconriorii, CR^=NOR l 1, 
CNR^NOR 1 1, where R 9 and R 1 1 are independently hydrogen or Ci^alkyl and c is 
1 to 4; and 
a is 0, 1, 2 or 3; 

Group of formula (ii) 

(Rl)a "£3^ A 

(") 

wherein P 2 and P^ are independently phenyl, bicyclic aryl, a 5 to 7 membered heterocyclic 
ring containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur, or a bicyclic 
heterocyclic group containing 1 to 3 heteroatoms selected from oxygen, nitrogen or sulphur, 
A is a bond, O, S(0) n where n is 0 to 2, carbonyl, CH 2 or NR 4 where R 4 is hydrogen or C\„ 
galkyl; 

R* and R 2 are independently as defined above for R* in formula (i); and 
a and b are independently 0, 1, 2 or 3; 

L is a group of formula 

-Y-C(=0>DG- or -C(=0)-DG- or -DG-C(=0)- 

in which Y is NH, NR 5 where R 5 is C^alkyl, or Y is CH 2 , O, CH - CH, or OCH 2 ; 
D is nitrogen, carbon or a CH group, G is hydrogen or Ci.^alkyl providing that D is nitrogen 
or a CH group, or G together with R bl forms a group W where W is (CR 16 R 17 ) t in which t 
is 2, 3 or 4 and R 16 and R 17 are independently hydrogen or Cj^alkyl or W is (CR l6 R 17 )u- 
J where u is 0, 1, 2 or 3 and J is oxygen, sulphur, CR 16 =CR 17 , CR 16 =N, =CR 16 0, =CR 16 S 
or =CR*6-NR 17 provided that u is not 0 when J is oxygen or sulphur; 

-2- 
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R>1 is hydrogen or together with G forms a group W as defined above; 
X is nitrogen, carbon or a CH, 

is a single bond when X is nitrogen or CH and is a double bond when X is carbon. 

mis 1, 2 or 3. 

Ci-6alkyl groups whether alone or as part of another group may be straight chain or 
branched. The term 'halogen 1 is used herein to describe, unless otherwise stated, a group 
selected from fluorine, chlorine, bromine or iodine. The bicyclic aryl group represented by 
P 1 , P 2 or P 3 , which may be partially saturated, is preferably naphthyl. Where used herein 
the term naphthyl is intended, unless otherwise stated, to denote both naphth-l-yl and 
naphth-2-yl groups. 

Within the definition of R a formula (i) 

When P 1 is C3_6cycloalkyl preferred examples are cyclopentyi and cyclohexyl. 
When P 1 is a 5 to 7 membered heterocyclic ring suitable examples include 5 or 6 membered 
heteroaryl rings such as thienyl, furyl, pyrrolyl, pyrazolyl, triazolyl, imidazolyl, oxazolyl, 
thiazolyl, oxadiazolyl, isothiazolyl, isoxazolyl, thiadiazolyl, pyrimidyl, pyrazinyi and 
pyridyl. Non aromatic 5 to 7 membered heterocyclic rings include pyrrolidinyl, piperidinyl 
or piperazinyl. When P 1 is a bicyclic heterocyclic ring suitable examples include benzofused 
rings such as quinolinyl, isoquinolinyl, indolyl, benzofiiryl, benzothienyl and 
benzo[l,3]dioxolyl. The heterocyclic and bicyclic heterocyclic groups listed above can be 
linked to the remainder of the molecule via a carbon atom or, when present, a suitable 
nitrogen atom. Preferably P 1 is phenyl, naphthyl, quinolyl, pyridyl or thienyl. 

When a is greater than 1 the groups R l can be the same or different. Preferably a is 0, 
1 or 2. Preferred R 1 groups include halogen (particularly chlorine), a C^galkyl group 
(particularly methyl), CN, CF3 or a C^galkoxy group (particularly methoxy or ethoxy). 

Within the definition of R a formula (ii) 

When P^ and/or P 3 is a 5 to 7 membered heterocyclic ring or a bicyclic heterocyclic 
group, suitable examples include those listed for P* above. Preferably P 2 is phenyl, 
naphthyl, pyridyl, thienyl or furyl. A preferred substitution arrangement for naphthyl groups 
is 1,4 or more preferably 1,5, that is to say, a naphth-l-yl group in which the group A is 
attached at the 4 or 5 position respectively. 

Preferably P 3 is phenyl, pyridyl, thienyl, pyrazolyl or oxazolyl. 

-3- 
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When a and/or b is 2 the groups R 1 and/or R 2 respectively can be the same or 
different. Preferred R 1 and/or R 2 groups include halogen (particularly chlorine), a Ci^alkyl 
group (particularly methyl), CN, CF3 or a C^galkoxy group (particularly methoxy or 
ethoxy). * 

A is preferably a bond or oxygen, most preferably a bond. 

Preferably L is a group of formula:- 

- Y-C(= 0)-DG - or -C(= 0)-DG- 
in which Y is preferably NH or CH2, D is preferably nitrogen and G is preferably a hydrogen 
atom or together with R bl forms a further group W, preferably (CH2)2, (CH2)3 or CH =CH, 
most preferably (CH2)2- 

Rbl is preferably hydrogen or together with G forms a group W referred to above. 

X is preferably a nitrogen atom, and m is preferably 1 or 2, most preferably 1. 

Particularly preferred compounds according to this invention are:- 
(S)-(-)-N44-(Octahydropyrroto 
(S)-(-)-N-[4-(OctahydropyTro^^ 

(S)-(-)-2,3-Dihydro- 1 -[5-(2,6-dimethylpyridin-4-yl)naphth- 1 -ylcarbonyl]-8- 
(octahydropyirolo[l,2-a]pyrazin-2-yty^ 

(SM-)-6-[5-(5-Methylpyridin-2^ 
yl)quinoline, 

(S)-(-)-6-(2,3-Dichloroben2oylamino]-4-(octahydropyrrolo[ 1 ,2-a]pyrazin«2-yl)quinoline, 

(SH-)-M 2 >3-Dichlorobenzoyl)-2,3-dfo^ 

yl)pyrrolo[2,3-g]quinoline, 

(SH-)- 2 »3-Dihy<ko-l-[4-(5-me%loxazol-2-yl)naphth-l-oyl]-8-(octahydxopv^ 
a]pyrazin-2-yl)pym>lo[2,3-£]quinoline 

(S)-(-)-2,3-Dihydro- 1 -[5-(5-methylpyridin-2-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline trifluoroacetate 

(S)-(-)-2,3-Dihydro- 1 -[5-(2,5-dimethylpyridin-4-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 
tf]pyrazin-2-yl)pyiTolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[5-(6-methylpyridin-2-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)- 1 -(quinolin-4- 
ylcarbonyl)pyiTolo[2,3-g]quinoline, 
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(S)-(-)-2,3-Dihydro- 1 -[5-(2-methyloxazol-5-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 

a]pyrazin-2-yl)pyrrolo[2,3-£]quinoline, 

(SM-)-2,3-Dihydro-l-[5^3-me%K 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)- 1 - [5-(6-methylpyridin-2-y l)naphth- 1 -oyl]-8-(octahydropyrrolo[l,2-a]pyrazin-2- 
yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)- 1 -(4-chlorobenzoyl)-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2-y l)pyrrolo [2,3-g]quinoline, 
(S)-(-)-2,3-Dihydro-l-[2-(4-chlorophenyl)-3-trifluoromethylpyrazole-4-carbonyl] 
(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[5K2-methyl-5-trifluoromethylpyrazol-3-yl)4hiophen-2-carbonyl]-8- 
(octahydjopyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline > 

(S)-(-)-2,3-Dihydro- 1 -(5-chlorothiophen-2-carbony l)-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2- 
yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[ 1 -methyl-7-(2-methy lpyridin-6-y l)indol-3-carbony l]-8- 

(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[23-g]quinoline, 

(SM-)-2,3-Dihydro-l-[5<5-methyloxazo^ 

tf]pyrazin-2-yl)pyrrolo[2,3-£]quinoline, 

(SM-)-2>Dihydro-l-[5-(2,6-dimethylpyri 

(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[23-g]quinoline 

or a pharmaceutical acceptable salts thereof. 

Other preferred compounds of this invention include examples E6 - E9, E25 - E72 
and E75 - E80 (as tabulated below) or a pharmaceutical^ acceptable salt thereof. A 
particularly preferred compound of this invention is E23. 

Preferred salts of the compounds of formula (I) are pharmaceutical^ acceptable salts. 
These include acid addition salts such as hydrochlorides, hydrobiomides, phosphates, 
acetates, fumarates, maleates, tartrates, citrates, oxalates, methanesulphonates and p- 
toluenesulphonates. 

Certain compounds of formula (I) are capable of existing in stereoisomers forms. It 
will be understood that the invention encompasses all geometric and optical isomers of the 
compounds of formula (I) and the mixtures thereof including racemates. 

Compounds of the invention can be prepared using procedures known in the art. In a 
further aspect the present invention provides a process for the preparation of a compound of 
formula (I) which comprises: 
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(a) where L is -C(=0)-DG - or -DG-(C=0)-, coupling a compound of formula (II): 

Ra-L 1 
(H) 

with a compound of formula (III): 




an) 

in which R a , R bl , X and m are as defined in formula (I) and L 1 and L 2 contain the 
appropriate functional groups which are capable of reacting together to form the L moiety; or 

(b) where L is - Y -C(=0)-DG in which D is nitrogen and Y is NH, coupling a compound 
of formula (IV): 

R a -NC(=0) 
(IV) 

in which R a is as defined in formula (I) or a protected derivative thereof, with a compound of * 
formula (V): 




in which R bl , X, m and G are as defined in formula (I), or a protected derivative thereof; or 

(c) where L is - Y -C(=0)-DG - in which D is nitrogen and Y is NH or NR 5 f reacting a 
compound of formula (VI) 

R a -NH 2 orR a -NR 5 H 
-6- 
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(VI) 

in which R a and R 5 are as defined in formula (I) with a compound of formula (V) together 
with an appropriate urea forming agent; or 

(d) where L is - Y -C(=0)-DG - in which D is nitrogen and Y is CH2 or 0, reacting a 
compound of formula (VII): 

R a -Y- (C=0) - O 
(VII) 

in which R a is as defined in formula (I), and L 3 is an appropriate leaving group, with a 
compound of formula (V); or 

(e) where L is - Y -C(=0)-DG - in which D is CH and Y is NH, reacting a compound of 
formula (VI): 

R a -NH 2 
(VI) 

in which R a is as defined in formula (I) with a compound of formula (VIII): 




(vm) 

in which D, G, R bl , X and m are as defined in formula (I) and L 3 is an appropriate leaving 
group; 

and optionally thereafter: 

• removing any protecting groups; 

• forming a pharmaceutical^ acceptable salt. 

In the reaction of the compounds of formulae (II) and (III), suitable examples of 
groups L 1 and L 2 include:- 

Ll isCOL a andL 2 isNH 2 



-7- 



WO 00/35919 



PCT/EP99/09564 



L 1 isNH 2 andL 2 is COL a 

in which L a is an appropriate leaving group. 

Suitably one of L 1 and L 2 is an activated carboxylic acid derivative such as an acyl 
chloride or acid anhydride, and the other is an amine group. Activated compounds of 
formulae (II) and (III) can also be prepared by reaction of the corresponding carboxylic acid 
with a coupling agent such as dicyclohexylcarbodiimide, carbonyldiimidazole or 
diphenylphosphorylazide. Preferably L 1 or L 2 is a group COL a where L a is halo particularly 
chloro. 

Compounds of formulae (II) and (IE) are typically reacted together in an inert solvent 
such as dimethylformamide, tetrahydrofuran or dichloromethane at ambient or elevated 
temperature in the presence of a base such as an alkali metal hydroxide, triethylamine or 
pyridine. 

In process (b) the reaction is conveniently effected in an organic solvent such as 
dichloromethane. 

In process (c) the urea forming agent can be carbonyl diimidazole, triphosgene or 
phosgene, and carried out in an inert organic solvent such as dimethylformamide, 
tetrahydrofuran or dichloromethane at ambient or elevated temperature in the presence of a 
base such as triethylamine or pyridine. 

In process (d) the leaving group is halogen e.g. chloro group and the reaction may 
be carried out in an inert organic solvent such as tetrahydrofuran or dichloromethane at 
ambient or elevated temperature in the presence of a base such as triethylamine or pyridine. 

In process (e) the leaving group L 3 is halogen e.g. chloro group and the reaction may 
be carried out in an inert organic solvent such as tetrahydrofuran or dichloromethane at 
ambient or elevated temperature in the presence of a base such as triethylamine or pyridine. 

Intermediate compounds of formula (II) to (VIII) are commercially available, may be 
prepared according to literature methods or by analogous methods to those described herein. 

It will be appreciated to those skilled in the art that it may be necessary to protect 
certain reactive substituents during some of the above procedures. Standard protection and 
deprotection techniques can be used. For example, primary amines can be protected as 
phthalimide, benzyl, benzyloxycarbonyl or trityl derivatives. These groups can be removed 
by conventional procedures well known in the art. 

Carboxylic acid groups can be protected as esters. Aldehyde or ketone groups can be 
protected as acetals, ketals, thioacetals or thioketals. Deprotection is achieved using 
standard conditions. 
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The involvement of serotonin receptors in a number of pharmacological effects has 
been reviewed by R. A. Glennon in "Serotonin Receptors: Clinical Implications", 
Neuroscience and Behavioural Reviews, 1990, 14, 35 and by L.O.Wilkinson and C.T. 
Dourish in "Serotonin Receptor Subtypes : Basic and Clinical Aspects" S. Peroutka Ed., 
John Wiley and Sons, New York, 1991 p. 147. 

Serotonin (5-hydroxytryptamine; 5-HT) receptors have been implicated in a number 
of pharmacological effects including mood disorders including depression, seasonal affective 
disorder and dysthymia, anxiety disorders, including generalised anxiety, panic disorder, 
agoraphobia, social phobia, obsessive compulsive disorder and post-traumatic stress disorder; 
memory disorders, including dementia, amnesic disorders and age-associated memory 
impairment; disorders of eating behaviours, including anorexia nervosa and bulimia nervosa, 
sleep disorders (including disturbances of Orcadian rhythm), motor disorders such as 
Parkinson's disease, dementia in Parkinson's disease, neuroleptic-induced Parkinsonism and 
tardive dyskinesias, as well as other psychiatric disorders. Serotonin receptor ligands have 
been shown to be of use in the treatment of emesis and nausea and may also be of use in 
endocrine disorders such as hyperlactinaemia, vasospasm (particularly in the cerebral 
vasculature), cerebellar ataxia and hypertension, as well as disorders of the gastrointestinal 
tract where changes in motility and secretion are involved. They may also be of use in the 
treatment of sexual dysfunction and hypothermia. 

Ligands with high affinity for the 5-HTj receptors are well recognised as having 
therapeutic utility for the treatment of the above conditions. For example: WO 95/31988 
refers to the use of a 5-HT id receptor antagonist in conjunction with a 5-HTi a receptor 
antagonist to treat CNS (central nervous system), endocrine and GI (gastrointestinal) 
disorders; K. Rasmussen (Annual Reports in Medicinal Chemistry, (1995) 30, 1) describes 
the utility of 5-HTi a receptor agonists and partial agonists in the treatment of various CNS 
disorders; P. Trouillas (Progress in Brain Research, C.I. de Zeeuw, P. Stara and J. Voogd, 
Eds. 1997, 144, 589) and G. Maura (J. Neurochemistry, 1996, 66, 202) propose that 
administration of agonist ligands selective for the 5-HTi a receptor or for both 5-HTj a and 
5-HT id receptors should provide effective treatment for human cerebellar ataxias. 

The present invention also provides a compound of general formula (I) or a 
pharmaceutical^ acceptable salt or solvate thereof for use in the treatment of the 
aforementioned disorders. 

In a further aspect the invention provides a method of treating the aforementioned 
disorders which comprises administering an effective amount to a patient in need of such 
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treatment of a compound of general formula (I) or a pharmaceutical^ acceptable salt or 
solvate thereof 

In particular the invention provides a compound of general formula (I) or a 
pharmaceutical^ acceptable salt or solvate thereof f&r use in the treatment or prophylaxis of 
depression. 

The affinities of the compounds of this invention for the 5-HTi a> 5-HTjb and 
5-HTid receptors can be determined by the following radioligand binding assay. HEK 293 
cells expressing S-HTj a receptors (4 x 10^/ml) are homogenised in Tris buffer and stored in 
lml aliquots. CHO cells expressing 5-HTib receptors (4 x 10 7 cells/ml) are homogenised in 
Tris buffer and stored in 1.5 ml aliquots. CHO cells expressing 5-HTid receptors (0.563 x 
10^/ml) are homogenised in Tris buffer and stored in 1 ml aliquots. 0.4 ml of a cell 
suspension is incubated with [ 3 H]-5-HT (4nM) for 5-HTib/1D receptors and [ 3 H]-8-OH 
DP AT (InM) for 5-HT 1A receptors in Tris Mg HC1 buffer (pH 7.7) and test drug, at 37°C 
for 45 minutes. Each test drug is tested at 10 concentrations (0.01 mM to 0.3 nM final 
concentration), with non-specific binding defined using 0.01 mM 5-HT. The total assay 
volume is 0.5 ml. Incubation is stopped by rapid filtration using a Packard Filtermate (filters 
pre-soaked in 0.3% polyethylenimine) and radioactivity measured by Topcount scintillation 
counting. pKi values are calculated from the IC50 generated by an iterative least squares 
curve fitting programme. 

The intrinsic activity of the compounds of this invention can be determined according 
to the following procedure. HEK293 cell membranes stably expressing human 5-HT] a 
receptors and CHO cell membranes stably expressing human 5-HT 13 receptors are 
homogenised in HEPES/EDTA buffer and stored in lml aliquots, and [ 35 S]GTPyS binding 
studies are carried out essentially as described by Lazareno et al. y (Life Sci., 1993, 52, 449) 
with some minor modifications. Membranes from 10^ cells are pre-incubated at 30°C for 30 
min in 20 mM HEPES buffer (pH 7.4) in the presence of MgCl2 (3 mM), NaCl (100 mM), 
GDP (10 \xM) and ascorbate (0.2 mM), with or without compounds. The reaction is started 
by the addition of 10 |al of [ 35 S]GTPyS (100 pM, assay concentration) followed by a further 
30 minutes incubation at 30°C. Non-specific binding was determined using non- 
radiolabelled GTPyS (20 ^iM) added prior to the membranes. The reaction is terminated by 
rapid filtration through Whatman GF/B grade filters followed by 5 x 1 ml washes with ice 
cold HEPES (20 mM) /MgCl2 (3 mM) buffer. Radioactivity is measured using liquid 
scintillation spectrometry. This procedure is hereafter referred to as the [^^S]GTPyS 
functional assay. 
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The compounds of formula (I) show high affinity for the 5-HT 1A , 5-HTib 311(1 
5-HTid receptors. It has been found, using the [ 35 S]GTPyS functional assay, that certain 
compounds of formula (I) show varying levels of intrinsic efficacy, which is defined by a 
scale ranging from 1.0 to 0 (1 defines the maximum response elicited by the agonist 5-HT, 0 
defines antagonism). The difficulties in describing intrinsic activity of drugs acting at G 
protein coupled receptors is recognised in the art (Hoyer and Boddeke, Trends in 
Pharmacological Sciences, July 1993, [Vol. 14], page 270-275). We believe that however 
these ligands are classified according to this functional assay, the compounds of this 
invention will be useful antidepressants in vivo. It is believed that the preferred compounds 
of this invention will display 5-HT! A , 5-HT 1B and 5-HTi D antagonist activity in vivo and 
that such compounds will have a rapid onset of action. A rapid onset of action is particularly 
advantageous for antidepressant compounds: by 'rapid onset of action* we mean that a 
therapeutic response is seen within 7 days from first administration of the compound, as 
opposed to a period of about 21 days or more which is typical of SSRI's, tricyclic 
antidepressants and buspirone. 

Compounds of formula (I) which have an intrinsic activity of 0.5 or less in the 
[35g]GTPyS functional assay are particularly preferred, as these compounds are more likely 
to be full antagonists in vivo. As disclosed in WO 95/31988, the simultaneous antagonism 
of pre-synaptic 5-HTi a/IB/ID receptors will result in increased release of 5HT in vivo and 
this will improve 5-HT neurotransmission. 

It will be appreciated by those skilled in the art that the compounds according to the 
invention may advantageously be used in conjunction with one or more other therapeutic 
agents, for instance, a selective serotonin reuptake inhibitor (SSRI) antidepressant. 

The present invention also provides a pharmaceutical composition, which comprises a 
compound of formula (I) or a pharmaceutically acceptable salt thereof, and a 
pharmaceutically acceptable carrier. 

A pharmaceutical composition of the invention, which may be prepared by 
admixture, suitably at ambient temperature and atmospheric pressure, is usually adapted for 
oral, parenteral or rectal administration and, as such, may be in the form of tablets, capsules, 
oral liquid preparations, powders, granules, lozenges, reconstitutable powders, injectable or 
infusible solutions or suspensions or suppositories. Orally administrate compositions are 
generally preferred. 

Tablets and capsules for oral administration may be in unit dose form, and may 
contain conventional excipients, such as binding agents, fillers, tabletting lubricants, 
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disintegrants and acceptable wetting agents. The tablets may be coated according to methods 
well known in normal pharmaceutical practice. 

Oral liquid preparations may be in the form of, for example, aqueous or oily 
suspension, solutions, emulsions, syrups or elixirs, or may be in the form of a dry product for 
reconstitution with water or other suitable vehicle before use. Such liquid preparations may 
contain conventional additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles (which may include edible oils), preservatives, and, if desired, conventional 
flavourings or colorants. 

For parenteral administration, fluid unit dosage forms are prepared utilising a 
compound of the invention or pharmaceutical^ acceptable salt thereof and a sterile vehicle. 
The compound, depending on the vehicle and concentration used, can be either suspended or 
dissolved in the vehicle. In preparing solutions, the compound can be dissolved for injection 
and filter sterilised before filling into a suitable vial or ampoule and sealing. 
Advantageously, adjuvants such as a local anaesthetic, preservatives and buffering agents are 
dissolved in the vehicle. To enhance the stability, the composition can be frozen after filling 
into the vial and the water removed under vacuum. Parenteral suspensions are prepared in 
substantially the same manner, except that the compound is suspended in the vehicle instead 
of being dissolved, and sterilisation cannot be accomplished by filtration. The compound can 
be sterilised by exposure to ethylene oxide before suspension in a sterile vehicle. 
Advantageously, a surfactant or wetting agent is included in the composition to facilitate 
uniform distribution of the compound. 

The composition may contain from 0.1% to 99% by weight, preferably from 10 to 
60% by weight, of the active material, depending on the method of administration. 

The dose of the compound used in the treatment of the aforementioned disorders will 
vary in the usual way with the seriousness of the disorders, the weight of the sufferer, and 
other similar factors. However, as a general guide suitable unit doses may be 0.05 to 1000 
mg, more suitably 1.0 to 200 mg, and such unit doses may be administered more than once a 
day, for example two or three a day. Such therapy may extend for a number of weeks or 
months. 

The following Descriptions and Examples illustrate the preparation of compounds of 
the invention. 

Description 1 

(S)-(-)-^-Nitro-4-(octahydropyrrolo[l^-alpyrazin-2-yl)quinoline (Dl) 

-12- 



WO 00/35919 



PCT/EP99/09564 



A stirred solution of 4-chloro-6-nitroquinoline (/. Org. Chem. 1944, 9, 302) (750 mg, 3.69 
mmole) in toluene was treated with (S)-(-)-octahydropyrrolo[l,2-a]pyrazine (J. Med. Chem., 
1993, 36, 231 1) (500 mg, 3.97 mmole) and heated at reflux for 48 h, then cooled and 
concentrated to dryness in vacuo. Silica gel chromatography (DCM/MeOH 19:1) gave the 
title compound as a yellow oil (620 mg, 56%). 

iHNMR (250 MHz, CDC1 3 ) 5 (ppm): 8.98 (d, 1H), 8.84 (d, 1H), 8.41 (dd, 1H), 8.14 (d, 
1H), 6.98 (d, 1H), 3.74-3.56 (m, 2H), 3.26-3.17 (m, 3H), 2.88 (t, 1H), 2.70 (td, 1H), 2.55- 
2.45 (m, 1H), 2.43-2.32 (m, 1H), 2.03-1.80 (m, 3H), 1.65-1.51 (m, 1H). 
MS:m/z(MH) = 299. 

Description 2 

(S)-(-)-6-Amino-4-(octahydropyrrolo(l^-fl]pyrazin-2-yl)quinoline (D2) 

A stirred solution of (S)-(-)-6-nitro-4-(octahydropyrrolo[l,2-a]pyrazin-2-yl)quinoline (Dl, 
600 mg, 2.01 mmole) in EtOH (36 ml) and water (18 ml) was treated with iron powder (0.72 
g, 12.9 mmole) and NH4CI (86 mg, 1.6 mmole) and heated at reflux for 4 h. After cooling, 
the mixture was filtered through kieselguhr and the filtrate concentrated to dryness in vacuo. 
The residue was taken up into DCM (50 ml) and washed with water. The organic phase was 
dried (MgSC>4), filtered and concentrated to dryness in vacuo giving the title compound as a 
yellow crystalline solid (300 mg, 56%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 8.50 (d, 1H), 7.90 (d, 1H), 7.14-7.10 (m, 2H), 6.82 (d, 
1H), 3.99 (br. s, 2H), 3.65-3.50 (m, 2H), 3.22-3.17 (m, 2H), 3.05 (td, 1H), 2.72 (t, 1H), 2.62 
(td, 1H), 2.50-2.40 (m, 1H), 2.40-2.29 (m, 1H), 2.01-1.80 (m, 3H), 1.62-1.47 (m, 1H). 
MS:m/z(MH) = 269. 

Description 3 

l-Benzyl-5-nitroindoline (D3) 

To a stinred solution of 5-nitroindoline (50 g, 0.30 mole) in acetone (500 ml) was added 
anhydrous K2CO3 (55.3 g, 0.40 mole), followed by dropwise addition of benzyl bromide (42 
ml, 0.35 mole) over 45 minutes. The mixture was stirred at room temperature for 24 h. 
Further benzyl bromide (10.0 ml, 0.08 mole) and K2CO3 (12.0 g, 0.09 mole) were added and 
the mixture heated at reflux for 3 days. On cooling, the mixture was filtered and the filtrate 
evaporated in vacuo to a dark red oil. Trituration with hexane afforded the title compound as 
an orange crystalline solid (79.0 g, 100%). 

*H NMR (250 MHz, CDCI3) 5 (ppm): 8.05 (d, 1H), 7.91 (s, 1H), 7.40-7.25 (m, 5H), 6.35 (d, 
1H), 4.35 (s, 2H), 3.63 (t, 2H), 3.09 (t, 2H). MS: m/z (MH) - 255. 
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Description 4 

5-Amino-l-benzylindoIine (D4) 

A mixture of l-benzyl-5-nitroindoline (D3, 20.0 g, 0.08 mole), tin(II)chloride (60.0 g, 0.32 
mole) and cone. HC1 (40 ml) in MeOH (400 ml) was heated at reflux for 16 h. On cooling, 
the mixture was evaporated in vacuo to a red oil, which was partitioned between DCM and 
water, basified with 40% NaOH solution and the insoluble tin residues removed by filtration. 
The filtrate was extracted with DCM (2x), dried (Na 2 S04) and evaporated in vacuo to afford 
the title compound as a dark green oil (10.5 g, 60%). 

lH NMR (250 MHz, CDC1 3 ) 6 (ppm): 7.41-7.23 (m, 5H), 6.58 (s, 1H), 6.45 (dd, 1H), 6.37 
(d, 1H), 4.13 (s, 2H), 3.31 (br. s, 2H), 3.18 (t, 2H), 2.87 (t, 2H). MS: m/z (MH) = 225. 

Description 5 

Diethyl (l-benzylindoUn-5-ylamino)methyKenemalonate (D5) 

Diethyl ethoxymethylenemalonate (9.45 ml, 0.05 mole) was added to a solution of 5-amino- 
1-benzylindoline (D4, 10.5 g, 0.05 mole) in toluene (500 ml) and the mixture heated at reflux 
under argon for 1.5 h. On cooling, the solvent was removed in vacuo to give a brown oil 
(19.6 g). Purification by silica gel chromatography eluting with hexane:EtOAc (70:30), 
afforded the title compound as a yellow crystalline solid (14.3 g, 77%). 
lH NMR (250 MHz, CDCI3) 8 (ppm): 8.42 (d, 1H), 7.38-7.28 (m, 5H), 6.93 (s, 1H), 6.83 
(dd, 1H), 6.44 (d, 2H), 4.33-4.17 (m, 6H), 3.36 (t, 2H), 2.99 (t, 2H), 1.40-1.25 (m, 6H). 
MS:m/z(MH) = 395. 

Description 6 

Ethyl l-benzyl-8-chloro-2,3-dihydropyrrolo(2,3-^]quinolin-7-ylcarboxylate (D6) 

Diethyl (l-benzyUndolin-5-ylamino)methylenemalonate (D5, 10.0 g, 25.3 mmole) in 
phosphorous oxychloride (40 ml) was heated at reflux under argon for 2.5 h. On cooling, the 
mixture was concentrated in vacuo and the residual oil treated with 10% aqueous Na2C03 
solution until basic. Extraction with DCM afforded a red gum, which was purified using 
silica gel chromatography, eluting with hexane:EtOAc (70:30), to afford the title compound 
as a yellow crystalline solid (6.3 g, 68%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 8.81 (s, 1H), 7.69 (s, 1H), 7.40-7.27 (m, 5H), 7.02 (s, 
1H), 4.51 (s, 2H), 4.46 (q, 2H), 3.59 (t, 2H), 3.24 (t, 2H), 1.44 (t, 3H). MS: m/z (MH) = 367. 

Description 7 
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(S)-(-)-EthyI l-benzyl-2,3.dihydro-8-(octahydropyrroIo[l,2-a)pyrazin-2-yI)pyrrolo[23- 
g]quinolin-7-ylcarboxylate (D7) 

To a mixture of ethyl l-benzyl-8-chloro-2,3-dihydropyrrolo[2,3-g]quinolin-7-ylcarboxylate 
(D6, 4.0 g, 10.9 mmole) and (S)-(-)-octahydropyrrolo[l,2-a]pyrazine (J. Med. Chem., 1993, 
36, 231 1) (6.0 g, 47.6 mmole) in DMF (60 ml) was added triethylamine (20 ml) and the 
mixture heated at 90°C under argon for 40 h. On cooling, the DMF was removed in vacuo 
and the residue purified by silica gel chromatography, eluting with EtOAc:MeOH (19:1), to 
afford the title compound as a dark orange crystalline solid (4.5 g, 90%). 
lH NMR (250 MHz, CDC1 3 ) 6 (ppm): 8.56 (s, 1H), 7.67 (s, 1H), 7.41-7.26 (m, 5H), 6.79 (s, 
1H), 4.49-4.37 (m, 4H), 3.60 (t, 2H), 3.35-3.06 (m, 6H), 2.99-2.89 (m, 2H), 2.26-2.09 (m, 
2H), 1.86-1.64 (m,4H), 1.43-1.37 (m,4H). MS: m/z (MH) = 457. 

Description 8 

(SH-)-l-BenzyI-2^-dihydro-8-(octahydropyrrolo[l,2-a]pyra2in-2-yl)pyrrolo[2,3- 
£]quinoIin-7-ylcarboxylic acid (D8) 

(SH-)-Ethyl 1 -benzyl-2,3-dihydro-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)pyrrolo[2,3- 
g]quinolin-7-ylcarboxylate (D7, 1.8 g, 4.1 mmole) in EtOH (36 ml) was treated with a 
solution of NaOH (0.35 g, 8.8 mmole) in water (7 ml) and the mixture heated at reflux for 
16h. The EtOH was removed in vacuo, the residue diluted with water and treated with 2M 
HC1 solution to pH7. The water was removed in vacuo giving the title compound as a yellow 
solid (1.7 g, 100%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 8.69 (s, 1H), 7.85(s, 1H), 7.41-7.27 (m, 5H), 6.50 (s, 
1H), 4.47 (s, 2H), 4.10-3.78 (br. s, 2H), 3.70 (t, 2H), 3.66-3.28 (br. m, 3H), 3.27-3.03 (br. m, 
3H), 2.85-2.38 (br.s, 3H), 2.13 (br. s, 1H), 1.97 (br. s, 1H), 1.86 (br. s, 2H). Acid proton not 
observed. MS: m/z (M-H) = 427. 

Description 9 

(SH-)- 1 -Benzyl-2,3-dihydr(H8-(octahydropyrrolo[l,2-fl]pyrazin-2-yl)pyrrolo[23- 
£]quinoline (D9) 

(S)-(-)-l-Benzyl-2,3-dihydro-8-(oc^ 

7-ylcarboxyiic acid (D8, 1.7g, 4.0 mmole) in Dowtherm A (200 ml) was heated at reflux for 
30 minutes. On cooling, the mixture was poured into hexane (600 ml) and extracted into 2M 
HC1 solution (3x). The acidic extracts were combined and basified with K2CO3, then 
extracted with EtOAc (3x). The organic extracts were combined, dried (MgS04), filtered 
and concentrated in vacuo to give the title compound as an orange oil (1 .4 g, 90%). 
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lH NMR (250 MHz, CDCI3) 6 (ppm): 8.41 (d, 1H), 7.69(8, 1H), 7.42-7.26 (m, 5H), 6.75 (d, 
1H), 6.63 (s, 1H), 4.40 (s, 2H), 3.59-3.47 (m, 3H), 3.36 (dd, 1H), 3.22-2.88 (m, 5H), 2.58 (t, 
1H), 2.37 (dt, 1H), 2.24-2.17 (m, 2H), 1.95-1.73 (m, 3H), 1.47-1.34 (m, 1H). 
MS: m/z (MH) = 385. 

Description 10 

(SM-)-2^Dihydro-8-(octaty^ 
(D10) 

(S)-(-)- 1 -Benzyl-2,3-dihydro-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline 
(D9, 1.4 g, 3.6 mmole) in EtOH (100 ml) and 2M HC1 solution (4 ml) was hydrogenated over 
10% palladium on charcoal at 50 psi and room temperature for 32 h. The mixture was then 
filtered through kieselguhr and concentrated in vacuo. The residue was partitioned between 
DCM and 10% aqueous Na2C<>3 solution and the organic phase separated, dried (MgSC>4) 
and concentrated to dryness in vacuo, giving the title compound as an orange solid (0.66 g, 
62%). 

*H NMR (250 MHz, CDCI3) 5 (ppm): 8.45 (d, 1H), 7.72(s, 1H), 6.98 (s, 1H), 6.79 (d, 1H), 
4.13 (br. s, 1H), 3.68 (t, 2H), 3.58 (dd, 1H), 3.47 (dd, 1H), 3.25-3.15 (m, 3H), 2.99 (dt, 1H), 
2.67-2.56 (m, 2H), 2.39-2.24 (m, 2H), 1.97-1.45 (m, 5H). MS: m/z (MH) = 295. 

Description 11 

5-Carboxynaphth-l-ylboronic acid (Dll) 

A stirred solution of 5-bromo-l -naphthoic acid {Bull Soc. Chim. Fr., 1968, 7, 2957) (22.3 g, 
0.089 mole) in dry THF (1000 ml) at -60°C under argon was treated dropwise over 15 
minutes with 1.6M n-butyllithium in hexane (125 ml, 0.20 mole). The initial brown solution 
gave a beige precipitate as the first equivalent was added, which redissolved on addition of 
the second equivalent. The resulting solution was stirred at -60°C for 40 minutes, then 
triisopropylborate (51 ml, 0.22 mole) was added, and the mixture stirred at -60°C for a 
further 1 h, before warming gradually to -10°C. Saturated aqueous NH4CI solution was 
added (300 ml), followed by water (400 ml) and then 5M HC1 solution (200 ml). The 
resulting mixture was concentrated in vacuo to approx. 1000 ml volume, then basified by 
addition of 40% aqueous NaOH solution and washed with EtOAc. The aqueous was added 
to excess 5M HC1 solution and the solid which precipitated out was filtered off, washed with 
water and dried to afford a white solid (9.67 g), which contained approx. 50% of the title 
compound together with 1 -naphthoic acid. 
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Description 12 

2,6-Dimethyl-4-iodopyridine (D12) 

A stirred solution of 4-chloro-2,6-dimethylpyridine (Chem. Abs. 1952, 46, 4541) (2.6 g, 18 
mmole) in 2-butanone (250 ml) was treated with sodium iodide (17.6 g, 120 mmole) and 4- 
toluenesulphonic acid (3.4 g, 18 mmole) and the mixture heated at reflux under argon for 72 
h. The reaction mixture was cooled, then concentrated in vacuo and the residue was treated 
with water (200 ml) and extracted with EtOAc. The extract was washed with aqueous 
sodium thiosulphate solution, then dried (Na2SC>4) and concentrated in vacuo to afford the 
title compound as a white solid, which was converted to its hydrochloride salt as a white 
solid from acetone (3.44 g, 69%). 

lH NMR (free base) (250 MHz, CDCI3) 5 (ppm): 7.37 (s, 2H), 2.46 (s, 6H) 
MS:m/z(MH) = 234. 

Description 13 

5-(2,6-Dimethylpyridin-4-yl)-l-naphthoic acid (D13) 

A stirred suspension of 2,6-dimethyl-4-iodopyridine (D12, 1.66 g, 7.1 mmole) and 5- 
carboxynaphth-l-ylboronic acid (Dl 1, 1.54 g, 7.1 mmole) in 1,2-dimethoxyethane (60 ml) 
and water (15 ml) containing Na2C(>3 (2.27 g, 21.4 mmole) was flushed with argon for 20 
minutes. Tetrakis(triphenylphosphine)palladium (0) (0.41 g, 0.36 mmole) was added and the 
mixture heated at reflux under argon for 18 h. The 1,2-dimethoxyethane was removed in 
vacuo and the residue diluted with 2M NaOH solution and washed with EtOAc. The 
aqueous phase was acidified to pHl with cone. HC1 and washed with EtOAc, then adjusted 
to pH5 with K2CO3 and extracted with DCM (3x). The DCM extracts were combined, dried 
(Na2S(>4) and concentrated in vacuo, giving the title compound as a white solid (1 .38 g, 
70%). 

*H NMR (250 MHz, d^DMSO) 8 (ppm): 8.75 (d, 1H), 7.99 (dd, 1H), 7.80 (d, 1H), 7.60-7.52 
(m, 1H), 7.50-7.32 (m, 2H), 7.00 (s, 2H), 2.36 (s, 6H). Acid proton not observed. 
MS:m/z(M-H) = 276. 

Description 14 

5-(2,6-Dimethylpyridin-4-yl)-l-naphthoyl chloride (D14) 

A suspension of 5-(2,6-dimethyl-pyridin-4-yl)-l -naphthoic acid (D13, 200 mg, 0.72 mmole) 
in DCM ( 1 0 ml) was treated with oxalyl chloride (0. 1 3 ml, 1 .49 mmole) and stirred at room 
temperature for 16 h, then concentrated to dryness in vacuo giving the title compound as a 
cream coloured solid, which was used directly in the next step. 
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Description 15 

5-(2,6-Dimethylpyridin-4-yl)naphth-l-yl isocyanate (D15) 

A suspension of 5-(2,6-dime%lpyridin-4-yl)-l -naphthoic acid (D13, 250 mg, 0.91 mmole) 
in DCM (10 ml) was treated with oxalyl chloride (0.16 ml, 1.81 mmole) and stirred at room 
temperature for 1 8 h, then concentrated to dryness in vacuo. The residue was redissolved in 
DCM (20 ml) and shaken quickly with ice-cold saturated aqueous NaHCC>3 solution (10 ml). 
The organic phase was immediately separated and added to a stirred solution of sodium azide 
(111 mg, 1.71 mmole) and tetrabutylammonium iodide (22 mg) in water (10 ml) at 5°C. The 
mixture was stirred vigorously at 0-5°C for 1.5 h, then diluted with water (10 ml) and the 
DCM layer separated, dried (Na2S04) and concentrated cautiously under vacuum, at room 
temperature, to approx. 10 ml volume. This solution was then treated with toluene (10 ml) 
and heated at reflux under argon for 1.5 h. The reaction mixture was allowed to cool and the 
isocyanate solution used directly in the next step. 

Description 16 

5-(5-Methylpyridin-2-yl)-l-naphthoic acid (D16) 

The title compound was prepared from 2-iodo-5-methylpyridine and 5-carboxynaphth-l- 
ylboronic acid (Dl 1) using a similar procedure to Description 13, as a beige solid (64%). 
'H NMR (250MHz, d 6 DMSO) 8 (ppm): 13.3 (br s, 1H), 8.94 (d, 1H), 8.55 (s, 1H), 8.20 (d, 
1H), 7.97 (d, 1H), 7.89 7.70 (m, 2H), 7.70^7.50 (m, 2H), 7.45 (d, 1H), 2.60 (s, 3H). 

Description 17 

5-(6-Methylpyridin-2-yI)-l-naphthoic acid (D17) 

The title compound was prepared from 2-bromo-6-methylpyridine and 5-carboxynaphth-l- 
ylboronic acid (Dl 1) using a similar procedure to Description 13, as a beige solid (46%). 
l H NMR (250MHz, d 6 DMSO) 5 (ppm): 8.90 (d, 1H), 8.13 (d, 1H), 8.06 (dd, 1H), 7.84 (t, 
1H), 7.67 (t, 1H), 7.62-7.46 (m, 2H), 7.41 (d, 1H), 7.32 (d, 1H), 2.55 (s, 3H). Acid proton 
not observed. 

Description 18 

4-Bromo-N-propargyl-l-naphthylcarboxamide (D18) 

A stirred suspension of 4-bromo-l -naphthoic acid (J. Chem. Soc. 1958, 1426) (3.30 g, 13 
mmole) in DCM (1 80 ml) was treated with oxalyl chloride (3.4 ml, 39 mmole). After 5 h the 
mixture was concentrated to dryness in vacuo and the residue dissolved in DCM (120 ml) 
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and treated with a solution of propargylamine (0.83 g, 15 mmole) and triethylamine (2 ml, 15 
mmole) in DCM (50 ml) over 30 minutes. The mixture was stirred overnight at room 
temperature, then washed successively with 2M HC1 solution (50 ml), 20% aqueous K2CO3 
solution (2 x 50 ml) and brine (50 ml), dried (Na2SC>4) and concentrated to dryness in vacuo. 
The residue was triturated in Et20/n-hexane to afford the title compound as a cream powder 
(2.62g, 70%). 

lH NMR (250 MHz, CDCI3) 6 (ppm): 8.30 (dd, 2H), 7.78 (d, 1H), 7.64 (m, 2H), 7.43 (d, 
1H), 6.21 (s, 1H), 4.32 (q, 2H), 2.31 (t, 1H). 

Description 19 

l-Bromo-4-(5-methyloxazoI-2-yl)naphthaIene (D19) 

A stirred mixture of 4-bromo-N-propargyM-naphthylcarboxamide (D18, 2.60 g, 9.0 mmole) 
and mercuric acetate (0.02 g, 0.06 mmole) in glacial acetic acid (40 ml) was heated at reflux 
for 3 h. The cooled mixture was concentrated to dryness in vacuo and the residue dissolved 
in EtOAc (100 ml) and washed successively with 20% aqueous K2CO3 solution (2 x 25 ml), 
water (50ml) and brine (25 ml), dried (Na2SC>4) and concentrated to dryness in vacuo. The 
residue was purified by flash chromatography on silica gel, eluting with DCM, to afford the 
title compound as a cream powder (2.03 g, 78%). 

lH NMR (250 MHz, CDCI3) 8 (ppm): 9.32 (m, 1H), 8.34 (m, 1H), 7.97 (d, 1H), 7.83 (d, 
1H), 7.65 (m, 2H), 6.99 (s, 1H), 2.46 (s, 3H). 

Description 20 

l-Cyano-4-(5-methyloxazoI-2-yI)naphthalene (D20) 

l-Bromo-4-(5-methyloxazol-2-yl)naphthalene pi 9, 2.00 g, 6.9 mmole), copper (I) cyanide 
(1.1 1 g, 12.4 mmole) and N-methylpyrrolidinone (20 ml) were stirred at 160°C under argon 
for 3 h. The cooled mixture was poured into water (200 ml) and EtOAc (1 50 ml) and to the 
resultant suspension was added KCN (2.00 g, 30 mmole). After stirring at room temperature 
for 1.5 h, the layers were separated and the aqueous extracted with EtOAc (2 x 50 ml). The 
combined organic extracts were washed with water, dried (Na2SC>4) and concentrated to 
dryness in vacuo. The residue was triturated in Et20/n-hexane to afford the title compound 
as a pale buff coloured solid (1 .24 g, 76%). 

*H NMR (250 MHz, CDCI3) 6 (ppm): 9.46 (q, 1H), 8.31 (q, 1H), 8.18 (d, 1H), 7.96 (d, 1H), 
7.77 (q, 2H), 7.03 (s, 1H), 2.49 (s, 3H). 

Description 21 
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4- (5-MethyIoxazoI-2-yl)-l-naphthoic acid (D21) 

l-Cyano-4-(5-methyloxazol-2-yl)naphthalene (D20, 1.00 g, 4.0 mmole), KOH (2.24 g, 40.0 
mmole), PrOH (70 ml) and water (10 ml) were stirred at reflux for 48 h. The cooled mixture 
was concentrated to dryness in vacuo and the residue partitioned between EtOAc (50 ml) and 
water (70 ml). After stirring for 15 minutes the mixture was filtered and the aqueous 
separated, washed with EtOAc (25 ml) and acidified to pH 1 with 5M HC1 solution. The 
precipitate was collected, washed with water and dried in vacuo to afford the title compound 
as a colourless solid (0.64 g, 59%). 

lH NMR (250 MHz, d6-DMSO) 5 (ppm): 13.46 (s, 1H), 9.39 (m, 1H), 8.91 (m, 1H), 8.20 (s, 
2H), 7.75 (m, 2H), 7.22 (s, 1H), 2.47 (s, 3H). 

Description 22 

5- (2,5-Dimethylpyridin-4-yl)-l -naphthoic acid (D22) 

The title compound was prepared from 4-bromo-2,5-dimethylpyridine and 5-carboxynaphth- 
1-ylboronic acid (Dll) using a similar procedure to Description 13, as a white solid (47%). 
! H NMR (250MHz, d'DMSO) 6 (ppm): 13.3 (br s, 1H), 8.90 (d, 1H), 8.45 (s, 1H), 8.17-8.10 
(m, 1H), 7.75-7.66 (m, 1H), 7.57-7.47 (m, 2H), 7.41 (d, 1H), 7.12 (s, 1H), 2.50 (s, 3H), 1.86 
(s, 3H). 

Description 23 

5-(3-MethyIpyridm-2-ylH-naphthoic acid (D23) 

The title compound was prepared from 2-bromo-3-methylpyridine and 5-carboxynaphth-l- 
ylboronic acid (Dll) using a similar procedure to Description 13, as beige solid (46%). 
'H NMR (250MHz, d*DMSO) 8 (ppm): 8.92 (d, 1H), 8.56 (dd, 1H), 8.15 (dd, 1H), 7.83 (d, 
1H), 7.74 (dd, 1H), 7.55-7.40 (m, 4H), 2.00 (s, 3H). Acid proton not observed. 

Description 24 

5-Bromo-N-propargyl-l-naphthylcarboxamide (D24) 

The title compound was prepared from 5-bromo-l -naphthoic acid (Bull. Soc. Chim. Fr. y 
1968, 7, 2957) using a similar procedure to Description 18, as a pale yellow solid (5.48 g, 
70%). 

lH NMR (250 MHz, CDC1 3 ) 8 (ppm) 8.35 (d, 1H), 8.28 (d, 1H), 7.82 (d, 1H), 7.66 (d, 1H), 
7.58 (t, 1H), 7.38 (t, 1H), 6.24 (s, 1H), 4.33 (q, 2H), 2.31 (t, 1H). 

Description 25 
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1 -Bromo-5-(5-methyloxazol-2-y l)naphthalene (D25) 

The title compound was prepared from 5-bromo-N-propargyl-l-naphthylcarboxamide (D24, 
5.45 g, 18.9 mmole) using a similar procedure to Description 19, as a pale yellow solid 
(2.80g, 50%). 

lH NMR (250 MHz; CDC1 3 ) 5 (ppm): 9.30 (d, 1H), 8.38 (d, 1H), 8.18 (d, 1H), 7.84 (d, 1H), 
7.64 (t, 1H), 7.45 (t, 1H), 6.99 (s, 1H), 2.46 (s, 3H). 

Description 26 

Diethyl 5-(2-methyloxazol-2-yl)-l-naphthyl malonate (D26) 

A stirred solution of diethylmalonate (3.42 g, 21.4 mmole) in dry dioxane (100 ml) was 
treated, portionwise, with sodium hydride (0.86 g, 60% dispersion in oil). After 15 minutes 
copper (I) bromide (3.07 g, 21.4 mmole) and l-bromo-5-(5-methyloxazol-2-yl)naphthalene 
(D25, 3.09 g, 10.7 mmole) were successively added. The mixture was then heated at reflux 
under argon for 8 h. The cooled mixture was filtered through Celite (Diatomaceous Earth) 
and concentrated to dryness in vacuo. The residue was dissolved in EtOAc (100 ml) and 
washed successively with 2M HC1 solution (2 x 30 ml), water (30 ml) and brine (30 ml), 
dried (Na2S04) and concentrated to dryness in vacuo. The residue was purified by flash 
chromatography on silica gel, eluting with DCM-MeOH (0-2% MeOH gradient elution), to 
afford the title compound as a yellow oil (1.70 g, 43%). 

lH NMR (250 MHz, d^DMSO) 5(ppm): 9.28 (d, 1H), 8.18 (m, 2H), 7.70 (m, 2H), 7.55 (dd, 
1H), 7.16 (s, 1H), 4.26-4.07 (m, 5H), 2.45 (s, 3H), 1.17 (t, 6H). 

Description 27 

5-(5-MethyIoxazol-2-yl)-l-naphthylacetic acid (D27) 

Diethyl 5-(5-methyloxazol-2-yl)-l-naphthyl malonate (D26, 1.70 g, 4.6 mmol), glacial acetic 
acid (10 ml) and cone. HC1 (10 ml) were stirred at reflux for 7 h. The cooled mixture was 
concentrated to dryness in vacuo, the residue triturated in water (25 ml) and the solid filtered 
off and dried in vacuo, giving the title compound as a pale grey powder (0.90 g, 73%). 
^H NMR (250 MHz, d<* DMSO) 5 (ppm): 9.06 (d, 1H), 8.02 (d, 2H), 7.58 - 7.40 (m, 3H), 
7.02 (s, 1H), 4.03 (s, 2H), 2.33 (s, 3H). Acid proton not observed. 

Description 28 

Ethyl 5-bromo-l-naphthoate (D28) 

A stirred suspension of 5-bromo-l -naphthoic acid {Bull Soc. Chim. Fr., 1968, 7, 2957) (10.0 
g, 0.040 mole) in EtOH (150 ml) was treated with cone. H2SO4 (7 ml) and heated at reflux 
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for 24 h. On cooling, the EtOH was removed in vacuo and the residue partitioned between 
EtOAc and 10% aqueous Na2C03 solution. The organic phase was separated, the aqueous 
extracted with more EtOAc and the organics combined, dried (Na2S04) and concentrated to 
dryness in vacuo, affording the title compound as a white solid (10.14 g 91%). 
lH NMR (250 MHz, CDC1 3 ) 5 (ppm): 8.88 (d, 1H), 8.49 (d, 1H), 8.20 (dd, 1H), 7.84 (dd, 
1H), 7.61 (dd, 1H), 7.43 (dd, 1H), 4.48 (q, 2H), 1.46 (t, 3H). 

Description 29 

Ethyl 5-acetyl-l-naphthoate (D29) 

A stirred solution of ethyl 5-bromo-l-naphthoate (D28, 8.98 g, 32.2 mmole) and tributyl(l- 
ethoxyvinyl)tin (13.9 g, 38.5 mmole) in dry 1,4-dioxane was degassed by bubbling with 
argon for 20 min. Bis(triphenylphosphine)palladium (II) dichloride was added and the 
mixture heated at reflux under argon for 18 h. On cooling, 2M HC1 solution (20 ml) and 
water (50 ml) were added and this mixture stirred vigorously at room temperature for 4 h. 
The mixture was then concentrated in vacuo and the residue partitioned between water and 
EtOAc and filtered through kieselguhr to remove catalyst residues. The organic phase was 
separated, dried (MgS04) concentrated to dryness in vacuo giving a pale yellow 
crystalline solid, which was broken up and washed thoroughly with 60-80 petrol to remove 
tin residues, then filtered off and dried under vacuum, giving the title compound as a pale 
yellow solid (5.3 1 g, 68%). 

l H NMR (250MHz, CDCI3) 8 (ppm): 9.10 (d, 1H), 8.89 (d, 1H), 8.20 (dd, 1H), 7.97 (dd, 
1H), 7.66-7.57 (m, 2H), 4.48 (q, 2H), 2.76 (s, 3H), 1.47 (t, 3H). MS: m/z (MH) = 243. 

Description 30 

Ethyl 5-bromoacetyl-l-naphthoate (D30) 

A stirred solution of ethyl 5-acetyl-l-naphthoate (D29, 4.80 g, 17.2 mmole) in a mixture of 
DCM (80 ml) and MeOH (40 ml) was treated with benzyltrimethylammonium tribromide 
(7.38 g, 18.9 mmole) and stirred at room temperature for 18 h. The solvents were then 
removed in vacuo and the residue partitioned between DCM and water. The organic phase 
was separated, dried (Na2S04) and concentrated to dryness in vacuo affording the title 
compound as an orange-brown solid (5.52 g, 1 00%). 

'H NMR (250MHz, CDCI3) 5 (ppm): 9.16 (d, 1H), 8.75 (d, 1H), 8.23 (dd, 1H), 7.95 (dd, 
1H), 7.68-7.61 (m, 2H), 4.58 (s, 2H), 4.49 (q, 2H), 1.47 (s, 3H). 



Description 31 
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Ethyl 5-aminoacetyl-l-naphthoate hydrochloride (D31) 

Ethyl 5-bromoacetyl-l-naphthoate (D30, 3.50 g, 10.9 mmole) was dissolved in DCM (40 ml) 
and cooled in an ice bath to ~5°C. This solution was treated with tetrabutylammonium 
iodide (0.20 g, 0.54 mmole) and a solution of sodium azide (1.06 g, 16.3 mmole) in water (8 
ml) and stirred vigorously for 3 h, while warming to room temperature. Water (30 ml) was 
added and the organic phase separated, dried (Na2S04) and concentrated carefully in vacuo 
to approx. 20 ml volume. EtOH (40 ml) was added and the mixture concentrated in vacuo to 
approx. 40 ml (to remove the remaining DCM). This solution was diluted with EtOH (200 
ml), treated with cone. HC1 (5 ml) and hydrogenated over 10% palladium on charcoal at 
room temperature and pressure for 48 h. The mixture was then filtered through kieselguhr 
and concentrated to dryness in vacuo, affording the title compound as a white solid (2.26 g, 
71%). 

'H NMR (250MHz, d 6 DMSO) 8 (ppm): 8.98 (d, 1H), 8.84 (d, 1H), 8.45 (br s, 3H), 8.32 (dd, 
1H), 8.19 (dd, 1H), 7.86-7.77 (m, 2H), 4.70 (s, 2H), 4.44 (q, 2H), 1.40 (t, 3H). 
MS: m/z (MH) = 258. 

Description 32 

Ethyl 5-acetamidoacetyI-l-naphthoate (D32) 

Ethyl 5-aminoacetyl-l-naphthoate hydrochloride (D31, 2.26 g, 7.70 mmole) was suspended 
with stirring in DCM (60 ml) and treated with triethylamine (1.2 ml, 8.50 mmole) and acetic 
anhydride (0.86 g, 8.5 mmole). After 18 h, the mixture was concentrated to dryness in vacuo 
and the residue partitioned between EtOAc and 10% aqueous Na2C03 solution. The organic 
phase was separated, dried (Na2SC>4), concentrated to dryness in vacuo and purified by silica 
gel chromatography, eluting with EtOAc, to afford the title compound as a white solid (1 .73 
g, 60%). 

'H NMR (250MHz, CDC1 3 ) 8 (ppm): 9.17 (d, 1H), 8.90 (d, 1H), 8.23 (dd, 1H), 8.02 (dd, 
1H), 7.69-7.62 (m, 2H), 6.57 (br s, 1H), 4.82 (d, 2H), 4.49 (q, 2H), 2.15 (s, 3H), 1.47 (t, 3H). 
MS: m/z (MH) = 300. 

Description 33 

EthyI-(2-methyloxazol-5-yI)-l-naphthoate (D33) 

Ethyl 5-acetamidoacetyl-l-naphthoate (D33, 1.71 g, 5.72 mmole) was covered with 
polyphosphoric acid (~ 48 g) and the resulting viscous mixture was heated with stirring, 
under argon. On reaching 140°C, the mixture was partially cooled and poured into a beaker 
of crushed ice (- 50 ml) with stirring. Water (50 ml) was added and the solution extracted 
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with EtOAc. The organic phase was separated, dried (Na2S(>4) and concentrated to dryness 
in vacuo affording a pale yellow solid, which *H NMR showed to be a mixture of the title 
compound and 5-(2-methyloxazol-5-yl)-l -naphthoic acid. 

Description 34 

5-(2-Methyloxazol-5-yI)-l-naphthoic acid (D34) 

Ethyl 5-(2-mefoyloxazol-5-yl)-l-naphthoate (D33, 5.72 mmole) was suspended, with 
stirring, in a mixture of EtOH (30 ml) and 2M NaOH solution (30 ml) and heated at reflux 
for 1 h. The mixture was partially cooled and the EtOH removed in vacuo. The residue was 
washed with Et20 and the aqueous layer was acidified to pHl with cone. HC1. This was 
then extracted with EtOAc (3 x 200 ml) and the organic extracts combined, dried (Na2SC>4) 
and concentrated to dryness in vacuo, affording the title compound as a pale yellow solid 
(1 .19 g, 82% over 2 steps). 

»H NMR (250MHz, d 6 DMSO) 5 (ppm): 8.89 (d, 1H), 8.49 (d, 1H), 8.18 (dd, 1H), 7.82 (dd, 
1H), 7.76-7.66 (m, 2H), 7.55 (s, 1H), 2.56 (s, 3H). Acid proton not observed. 
MS:m/z(M-H) = 252. 

Description 35 

Ethyl 5-(3-methyIisoxazoI-5-yl)-l-naphthoate (D35) 

A stirred solution of ethyl 5-bromo-l-naphthoate (D28, 2.59 g, 9.3 mmole) and 3-methyl-5- 
(tributylstannyl)isoxazole (Tetrahedron, 1991, 47, 51 1 1) in dry 1,4-dioxane was degassed by 
bubbling with argon for 20 minutes. Bis(triphenylphosphine)palladium (II) dichloride was 
added and the mixture heated at reflux under argon for 24 h. On cooling, the 1 ,4-dioxane 
was removed in vacuo and the residue partitioned between water and DCM. The organic 
phase was separated, dried (MgSC>4) and concentrated to dryness in vacuo giving an orange / 
brown oil. Purification by silica gel chromatography, eluting with 60-80 petrol:Et20 (2:1), 
afforded the title compound as a cream coloured solid (857 mg, 33%). 
*H NMR (250 MHz, CDCI3) 8 (ppm): 9.03 (d, 1H), 8.46 (d, 1H), 8.21 (dd, 1H), 7.80 (dd, 
1H), 7.66 (dd, 1H), 7.58 (dd, 1H), 6.43 (s, 1H), 4.50 (q, 2H), 2.44 (s, 3H), 1.47 (t, 3H). 
MS: m/z (MH) = 282. 

Description 36 

5-(3-MethyIisoxazol-5-yl)-l-naphthoic acid (D36) 
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The title compound was prepared from ethyl 5-(3-methylisoxazol-5-yl)-l-naphthoate (D35, 
8 15 mg, 2.90 mmole) using a similar procedure to Description 34, as a white solid (638 mg, 
87%). 

l H NMR (250MHz, d 6 DMSO) 5 (ppm): 13.38 (br s, 1H), 9.00 (d, 1H), 8.40 (d, 1H), 8.21 (dd, 
1H), 7.90 (dd, 1H), 7.80-7.69 (m, 2H), 6.90 (s, 1H), 2.38 (s, 3H). MS: m/z (M-H) = 252. 

Description 37 

(S)-(-)-Moctahydropyrrolo[l,2-fl]pyrazin-2-yI)pyrroIo[2,3-^]quinoIine (D37) 
A solution of (S)-(-)-2,3-Dihydro-8-(octahydropyrrolo[l,2-a]pyrazin-2-yl)p 
g]quinoline (D10, 588 mg, 2 mmole) in MeOH (15 ml) was treated with PdCl 2 (354 mg, 2 
mmol) and Et 3 N (280 ml, 2 mmole) and heated under reflux for 15 h. The suspension was 
filtered through Kieselguhr, washing thoroughly with MeOH. The combined methanolic 
phases were brought to pH 10 with K 2 C0 3 and partitioned between water and EtOAc. The 
organic phase was washed with brine, dried over MgS0 4 , filtered and concentrated to 
dryness in vacuo giving a brown solid (150 mg, 26%). 

*H NMR (250 MHz, CDC1 3 ) 5 (ppm): 8.68 (d, 1H), 8.39 (s, 1H), 8.03 (s, 1H), 7.48 (dd, 1H), 
6.81 (d, 1H), 6.73 (s, 1H), 3.73-3.58 (m, 2H), 3.21-3.03 (m, 3H), 2.78-2.56 (m, 2H), 2.43- 
2.24 (m, 3H), 1.96-1.79 (m, 3H), 1.55-1.46 (m, 1H). MS: m/z (MH) = 293. 

Description 38 

5-(6-MethyIpyridin-2-yI)-l-naphthoyl chloride (D38) 

A suspension of 5-(6-methylpyridin-2-yl)-l -naphthoic acid (D 17, 180 mg, 0.68 mmole) in 
DCM (20 ml) was treated with oxalyl chloride (0. 15 ml, 1 .8 mmole) and stirred at room 
temperature for 2 h, then concentrated to dryness in vacuo giving the title compound as a 
cream coloured solid, which was used directly in the next step. 

Description 39 

7-Bromo-3-trifluoroacetylindole (D39) 

A stirred, ice-cooled solution of 7-bromoindole (2.0 g, 10.2 mmole) in DMF (8 ml) was 
treated, dropwise, with trifluoroacetic anhydride (1.74 ml, 12.2 mmole). This solution was 
allowed to warm to room temperature over 2 h, then poured into a solution of saturated 
aqueous NaHC0 3 solution. The title compound precipitated as a white solid and was filtered 
off, washed with water and dried in the vacuum oven at 50°C (2.88 g, 96%). 
MS: m/z (M-H) = 290, 292. 
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Description 40 

7-Bromoindole-3-carboxyiic acid (D40) 

7-Bromo-3-trifluoroacetylindole (D39, 2.88 g, 9.8 mmole) was dissolved in 20% aqueous 
NaOH solution (30 ml) and heated at reflux for 1 h, then cooled, diluted with water (30 ml) 
and washed with EtOAc (40 ml). The aqueous phase was separated and acidified to pHl 
with 5M aqueous HC1 solution. The title compound precipitated as a white solid and was 
filtered off, washed with water and dried under vacuum (2.10 g, 89%). 
MS:m/z(M-H) = 238, 240. 

Description 41 

Methyl 7-bromo-l-methylindoIe-3-carboxylate (D41) 

A solution of 7-bromoindole-3-carboxylic acid (D40, 2.0 g, 8.3 mmole) in acetone (100 ml) 
was treated with K 2 C0 3 (2.4 g, 17.5 mmole) and Mel (1.1 ml, 17.5 mmole) and heated, 
under an atmosphere of argon, at 50°C for 40 h. The mixture was then cooled and the solid 
filtered off, washing with acetone. The filtrate was concentrated to dryness in vacuo and the 
residue taken up in DCM, filtered again, and the filtrate concentrated to dryness in vacuo, 
giving the title compound as a pale yellow solid (1 .95 g, 87%). 

lH NMR (250 MHz, CDC1 3 ) 8 (ppm): 8.16 (dd, 1H), 7.72 (s, 1H), 7.41 (dd, 1H), 7.07 (dd, 
1H), 4.20 (s, 3H), 3.90 (s, 3H). MS: m/z (MH) = 268, 270. 

Description 42 

Methyl l-methyl-7-(6-methylpyridin-2-yl)indoIe-3-carboxylate (D42) 
A stirred solution of methyl 7-bromo-l-methylindole-3-carboxylate (D41, 500 mg, 1.87 
mmole) in anhydrous toluene (10 ml) was treated with hexamethylditin (730 mg, 2.24 
mmole) and degassed by bubbling with argon for 20 minutes. Pd(PPh 3 ) was added and the 
mixture heated at 1 10°C, under argon, for 18 h. The mixture was then cooled, filtered 
through Kieselguhr, washing with EtOAc, and the filtrate concentrated in vacuo giving the 
indolyl stannane intermediate as a pale yellow oil. This oil was dissolved with stirring in 
anhydrous DMF (5 ml), treated with Cul (35 mg, 0.19 mmole) and a solution of 2-bromo-6- 
methylpyridine (449 mg, 2.61 mmole) in anhydrous DMF (5 ml) and degassed by bubbling 
with argon. Pd(PPh 3 ) 2 Cl 2 was added and the mixture heated at 1 10°C, under argon, for 18 h. 
The mixture was partially cooled and the DMF removed in vacuo. The residue was purified 
by silica gel chromatography, eluting with Et 2 0, to afford the title compound as a yellow oil 
(159 mg, 30%). 
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lH NMR (250 MHz, CDC1 3 ) 5 (ppm): 8.25 (d, 1H), 7.72-7.66 (m, 2H), 7.37-7.18 (m, 4H), 
3.92 (s, 3H), 3.41 (s, 3H), 2.64 (s, 3H). MS: mlz (MH) = 281. 

Example 1 

(S)-(-)-N-[4-(OctahydropyrroIo[l 5 2-a]pyrazin-2-yl)quinoIin-6-y1]-3,4- 
dichlorobenzamide (El) 




A solution of (S)-(-)-6-amino-4-(octahydropyrrolo[l,2-a]pyrazin-2-yl)quinoline (D2, 70 mg, 
0.26 mmole) in DCM was treated with dichlorobenzoyl chloride (113 mg, 0.54 mmole) and 
DMAP (1 mg, 8 mmole). After 15 h the solution was diluted with DCM and washed with 
saturated aqueous NaHCC>3 solution. The organic phase was dried (MgS(>4), filtered and 
concentrated to dryness in vacuo. Silica gel chromatography (DCM/MeOH 93:7) gave the 
title compound as a white glass, which was taken up into acetone, treated with dry ethereal 
HC1 and concentrated to dryness, giving the hydrochloride salt as a white powder (60 mg, 
52%). 

lH NMR (free base) (400 MHz, CDCI3) 8 (ppm): 9.45 (s, 1H), 8.68 (s, 1H), 8.58 (d, 1H), 
8.00 (s, 1H), 7.91 (d, 1H), 7.72-7.66 (m, 2H), 7.41 (d, 1H), 6.83 (d, 1H), 3.68 (br. d, 1H), 
3.61 (br. d, 1H), 3.12-3.00 (m, 3H), 2.72 (t, 1H), 2.56 (td, 1H), 2.38-2.30 (m, 1H), 2.20-2.14 
(m, 1H), 1.90-1.80 (m, 2H), 1.75-1.65 (m, 1H), 1.51-1.40 (m, 1H). MS: mlz (MH) = 441. 

Example 2 

(S)-(-)-l-[(3,4-Dichlorophenyl)carbonylJ-2 ? 3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrroIo[2,3-£]quinoline (E2) 
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A solution of (S)-(-)-23-dihydro-8-(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyiTolo[2,3- 
g]quinoline (D10, 100 mg, 0.34 mmole) in DCM (4 ml) was treated with pyridine (0.5 ml), 
3,4-dichlorobenzoyl chloride (161 mg, 0.77 mmole) and DMAP (1.5 mg, 12 mmole) and 
heated at reflux under argon. After 17 h the solution was cooled and washed with 5% citric 
acid solution. The organic phase was dried (MgS04), filtered and concentrated to dryness in 
vacuo. Silica gel chromatography (DCM/MeOH 19:1) gave the title compound (44 mg, 
28%). 

lH NMR (400 MHz, CDC1 3 ) 8 (ppm): 8.85-8.75 (br. s, 1H), 8.63 (d, 1H), 7.87 (s, 1H), 7.76 
(s, 1H), 7.56 (d, 1H), 7.45 (dd, 1H), 6.83 (d, 1H), 4.17 (br. s, 2H), 3.64 (br. s, 2H), 3.40-3.27 
(m, 2H), 3.18-3.02 (m, 4H), 2.71 (br. s, 2H), 2.32 (br. d, 1H), 1.93-1.79 (m, 3H), 1.49 (br. s, 
1H). MS:m/z(MH) = 467. 

Example 3 

(SH-)-23-Dihy<lro-l-[5-(2,6.dimethylpyridin-4-yl)naphth.l-ylcarbonyll-8- 
(octahydropyrrolo[l,2-alpyrazin-2-yl)pyrrolo[2,3-^]quinoline (E3) 




The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pynx>lo[2,3-g]quinoline (D10, 100 mg, 0.34 mmole) and 5-(2,6- 
dimethylpyridin-4-yl)naphthoyl chloride (D14, 150 mg, 0.51 mmole) using a similar 
procedure to Example 2, as a cream coloured solid (31 mg, 16%). 

*H NMR (400 MHz, CDCI3) 5 (ppm): 9.09 (s, 1H), 8.64 (d, 1H), 8.00 (d, 1H), 7.94 (d, 1H), 
7.86 (s, 1H), 7.64-7.54 (m, 3H), 7.45 (d, 1H), 7.11 (s, 2H), 6.88 (d, 1H), 3.97-3.69 (br. m, 
3H), 3.46-3.22 (br. m, 3H), 3.19-3.10 (br. m, 2H), 2.81-2.76 (br. m, 2H), 2.64 (s, 6H), 2.62- 
2.46 (br. m, 2H), 2.33-2.28 (m, 1H), 2.00-1.87 (br. m, 2H), 1.84-1.76 (br. m, 1H), 1.58-1.50 
(br. m, 1H). MS: m/z (MH) = 554. 

Example 4 

(SH-)^l5-(5-Methylpyridin-2-yl)naphth-l-oylamino]-4-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)quinoline (E4) 
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A solution of (S)-(-)-6-amino-4-(octahydropyrrolo[l,2-a]pyrazin-2-yl)quinoline (D2, 85 
Hmole), 5-(5-methylpyridin-2-yl)naphthoic acid (D16, 255 ^mole) and 1- 
hydroxybenzotriazole (255 ^imole) in DCM (3 ml) was treated with 1,3- 
diisopropylcarbodiirnide (255 nmole) and shaken for 48 h at room temperature. The solution 
was passed through a solid phase cation exchange (SCX) cartridge, which was washed with 
MeOH. Elution with 2M NH3 in MeOH, followed by evaporation in vacuo gave the title 
compound as a pale brown glass (46%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 8.81 (s, 1H), 8.66 (d, 1H), 8.57 (s, 1H), 8.47 (d, 1H), 
8.42 (d, 1H), 8.03 (d, 1H), 7.90 (d, 1H), 7.78 (d, 1H), 7.70-7.58 (m, 3H), 7.45 (d, 2H), 7.31 
(d, H), 6.89 (d, 1H), 3.78 (br. d, 1H), 3.69 (br. d, 1H), 3.22-3.05 (br. m, 3 H), 2.81-2.65 (m, 
1H), 2.67 (s, 1H), 2.51-2.43 (br. m, 1H), 2.26 (q, 1H), 1.99-1.70 (br. m, 3H), 1.50 (m, 1H). 
MS:m/z(MH) = 514. 

Example 5 

(S)-(-)-6-(2^-Dichlorobenzoylamino]-4-(octahydropyrroIo(l,2-a]pyrazin-2-yl)quinoline 



The title compound was prepared from (S)-(-)-6-amino-4-(octahydropyrrolo[l,2-a]pyrazin-2- 
yl)quinoline (D2, 85 jimole) and 2,3-dichlorobenzoic acid (255 fxmole) using a similar 
procedure to Example 4, as a yellow glass (67%). 



*H NMR (250 MHz, CDCI3) 5 (ppm): 8.74 (d, 1H), 8.72 (d, 1H), 8.58 (d, 1H), 7.97 (d, 1H), 
7.61 (dd, 1H), 7.53-7.48 (m, 2H), 7.23 (t, 1H), 6.84 (d, 1H), 3.74 (br. d, 1H), 3.66 (br. d, 1H), 
3.19-3.02 (m, 3 H), 2.72 (t, 1H), 2.62 (td, 1H), 2.44-2.33 (br. m, 1H), 2.22 (q, 1H), 1.95-1.74 
(br. m, 3H), 1.48 (m, 1H). MS: m/z (MH) -441, 442, 443, 444. 



(E5) 
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Examples E6 - E9 were prepared using a similar procedure to that described for Example 4. 




Example 


R 


MS 


Example 


R 


MS 


E6 




423 


E8 




514 


E7 




424 


E9 




504 



Example 10 

(SM-HK2,3-Dichlorobenzoyl)-2^ 
yl)pyrrolo[2,3-g]quinoline (E10) 




The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 nmole), and 2,3-dichlorobenzoic acid (255 

ymole) using a similar procedure to Example 4, as a yellow glass (51%). 

l B NMR (400 MHz, CDC1 3 ) 8 (ppm): 8.93 (s, 1H), 8.62 (d, 1H), 7.86 (s, 1H), 7.57 (dd, 1H), 

7.37 (m, 2H), 6.85 (d, 1H), 4.05-3.65 (br. m, 3H), 3.34 (t, 2H), 3.24-3.1 1 (br. m, 2H), 2.74 

(br. t, 2H), 2.52 (br. s, 1H), 2.30 (q, 1H), 1.98-1.74 (m, 5H), 1.60-1.48 (br. m, 1H). 

MS: m/z (MH) = 467, 468, 469, 470. 



Example 11 
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(SH-)-2^-Dihydro-l-[4-(5-methyloxazol-2-yI)naphth-lH>yI]-8-(octah 
a]pyrazin-2-yI)pyrrolo[2,3-g]quinoIine(Ell) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l t 2- 
fl]pyrazin-2-yl)pyrrolo[2,3-£]quinoline (D10, 85 ^imole) and 4-(5-methyloxazoI-2-yl)-l- 
naphthoic acid P21, 255 nmole) using a similar procedure to Example 4, as a brown glass 



lH NMR (400 MHz, CDC1 3 ) 8 (ppm): 9.39 (d, 1H), 9.09 (s, 1H), 8.64 (d, 1H), 8.24 (d, 1H), 
7.99 (d, 1H), 7.84 (s, 1H), 7.71-7.56 (m, 3H), 7.05 (s, 1H), 6.88 (d, 1H), 3.90-3.67 (br. m, 
3H), 3.26 (t, 2H), 3.19-3.09 (br. m, 2H), 2.80 (br. t, 2H), 2.49 (s, 3H), 2.31 (br. m, 1H), 2.00- 
1.87 (br. m, 3H), 1.60-1.48 (br. m, 1H). MS: m/z (MH) = 530. 

Example 12 

(SM-)-23-Dihydro-H5K5-methyfo 

a]pyrazin-2-yI)pyrroIo[2,3-g]quinoline trifluoroacetate (E12) 



The title compound was prepared from (SH-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 >imole), and 5-(5-methylpyridin-2-yl)-l- 
naphthoic acid (D16, 255 ^imole) using a similar procedure to Example 4. The compound 
was further purified using reverse phase HPLC and isolated as the trifluoroacetate salt, as a 
pale brown glass (20%). 



*H NMR (250 MHz, CDCI3) 5 (ppm): 9.01 (s, 1H), 8.83 (s, 1H), 8.71 (s, 1H), 8.25 (s, 1H), 
8.23 (dd, 1H), 8.02 (d, 1H), 7.88 (br. d, 1H), 7.64-7.54 (m, 4H), 7.58 (d, 1H), 7.25 (d, H), 
4.23 (br. d, 1H), 4.10-3.65 (br. m, 10 H), 3.43 (t, 2H), 2.90 (s, 3H), 2.51-2.43 (br. m, 1H), 
2.35-2.18 (br.m,3H). MS: m/z (MH) = 540. 




(47%). 
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Example 13 

(S)-(-)-2^-pihydro-l-[5-(2,5-dimethyIpyridin^yl)naphth^ 
(octahydropyrroIo[l,2-a)pyrazin-2-yI)pyrroIo[2,3-^]quinoline (E13) 




The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
fl]pyrazin-2-yl)pyrrolo[2,3-g]quinoline(D10, 85 ^mole), and 5-(2,5-dimethylpyridin-4-yl)-l- 
naphthoic acid (D22, 255 jimole) using a similar procedure to Example 4, as a pale brown 
glass (35%). MS:m/z(MH) = 554. 

Example 14 

(SM-)-2,3-Dihydro-l-[5-(6-methyty 
a]pyrazin-2-yI)pyrroIo[2 9 3^]quinoIine (E14) 




The title compound was prepared from (S)-(-)-23-dihydro-8-(octahydropyrTolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline piO, 85 jimole), and 5-(6-methylpyridin-2-yl)-l- 
naphthoic acid (D17, 255 jimole) using a similar procedure to Example 4, as a yellow glass 
(46%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 9.07 (s, 1H), 8.63 (d, 1H), 8.16 (d, 1H), 7.98 (d, 1H), 
7.90 (s, 1H), 7.75 (t, 1H), 7.66-7.49 (m, 4H), 7.37 (d, 1H), 7.25 (d, 1H), 6.90 (d, 1H), 3.87- 
3.76 (br. m, 3H), 3.37-3.19 (br. m, 4H), 3.00-2.87 (br. m, 2H), 2.69 (s, 3H), 2.42 (q, 1H), 
2.08-1.83 (br. m, 3H), 1.71-1.60 (br. m, 1H). MS: m/z (MH) = 540. 

Example 15 



-32- 



WO 00/35919 



PCT/EP99/09564 



(SM-W-Dihydro-l-[5-(3^ 
fl]pyrazin-2-yl)pyrrolo[2,3-^]quinoIine (E15) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 umole), and 5-(3-methylpyridin-2-yl)-l- 
naphthoic acid (D23, 255 umole) using a similar procedure to Example 4, as a pale yellow 
glass (64%). 

lH NMR (250 MHz, CDC1 3 ) 5 (ppm): 9.09 (s, 1H), 8.65-8.60 (m, 2H), 8.03 (d, 1H), 7.86 (s, 
1H), 7.74-7.59 (m, 4H), 7.51 (s, 1H), 7.49 (d\ 1H), 7.32 (dd, 1H), 6.88 (d, 1H), 3.90-3.71 (br. 
m, 3H), 3.32-3.13 (br. m, 5H), 2.87-2.73 (br. m, 2H), 2.64-2.52 (m, 1H), 2.38-2.26 (m, 2H), 
2.08-1.83 (br. ra, 3H), 2.07 (s, 3H), 1.71-1.60 (br. m, 1H). MS: m/z (MH) - 540. 

Example 16 

(SH-)-23-I>ihydro-8-(octahydropyrroIo[l^^]pyraziii-2-yl)-l-(quino!in-4- 
ylcarbonyl)pyrrolo[2^3-g]quinoline (£16) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 umole), and 4-quinoline carboxylic acid 
(255 umole) using a similar procedure to Example 4, as a yellow glass (72%). 
MS:m/z(MH) = 450. 

Example 17 

(S>(-)-2^-Dihydro-l-[5-(2-methyloxazoI-5-yl)naphth-l-oyl]-8-(octahydropyrrolo[l,2- 
fl]pyrazin-2-yl)pyrrolo(2,3-^]quinoline (E17) 




.Me 
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Me' 




The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyra2in-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 nmole), and 5-(2-methyloxazol-5-yl)-l- 
naphthoic acid (D34, 255 jimole) using a similar procedure to Example 4, as a yellow glass 
(36%). 

lH NMR (250 MHz, CDC1 3 ) 5 (ppm): 9.08 (s, 1H), 8.62 (d, 1H), 8.39 (m, 1H), 7.97 (d, 1H), 
7.84 (s, 1H), 7.78 (d, 1H), 7.66-7.55 (m, 3H), 7.31 (s, 1H), 6.88 (d, 1H), 3.85-3.67 (br. m, 
3H), 3.25 (t, 2H), 3.21-3.1 1 (br. m, 2H), 2.79 (br. t, 2H), 2.62 (s, 3H), 2.30 (m, 1H), 1.98- 
1.75 (br. m, 3H), 1.60-1.45 (br. m, 1H). MS: m/z (MH) = 530. 

Example 18 

(S)-(-)-2,3-Dihydro-l-[5-(3-methyH^^ 
a]pyrazin-2-yl)pyrro!o[2,3-£lquinoline (E18) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 fimole), and 5-(3-methylisoxazol-5-yi)-l- 
naphthoic acid (D36, 255 jimole) using a similar procedure to Example 4, as a yellow glass 
(26%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 9.06 (s, 1H), 8.63 (d, 1H), 8.41 (m, 1H), 8.07 (d, 1H), 
7.90 (s, 1H), 7.84 (d, 1H), 7.67-7.58 (m, 3H), 6.89 (d, IH), 6.49 (s, 1H), 3.90-3.69 (br. m, 
3H), 3.35-3.15 (br. m, 4H), 2.79 (br. m, 2H), 2.46 (s, 3H), 2.40-2.30 (m, 1H), 2.02-1.80 (br. 
m, 3H), 1.71-1 .55 (br. m, 1H). MS: m/z (MH) = 530. 

Example 19 



Me, 
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(SH-)-l-[5-(6-methylpyridin-2-y^ 
yI)pyrrolo(2,3-£]quinoIine (E19) 



A stirred solution of (S)-0-8-(octahydropyrrolo[l,2-a]pyr^ 

(D37, 150 mg, 510 ^mole) in dry DMF (15 ml) at 4 under Ar was treated with NaH (18 mg, 
0.77 mmole) and warmed to room temperature for 30 mins. A solution of 5-(6- 
methylpyridin-2-yl)-l-naphthoyl chloride (D38, 190 mg, 0.77 mmole) in DMF (5 ml) was 
added and stirring continued for 20 h. The solution was partitioned between EtOAc and sat 
aq. NaHC0 3 solution. The organic phase was washed with sat. aq. NaHC0 3 solution, water, 
and brine, dried over MgS0 4 , filtered and concentrated to dryness in vacuo. The product was 
obtained after silica gel chromatography eluting with DCM followed by DCM/MeOH 9:1, as 
a yellow gum (15 mg, 5%). 

*H NMR (250 MHz, CDC1 3 ) 5 (ppm): 9.37 (s, 1H), 8.82 (d, 1H), 8.50 (d, 1H), 8.31 (d, 1H), 
7.94 (d, 1H), 7.78-7.57 (m, 4H), 7.40 (d, 1H), 7.27 (d, 1H), 7.17 (d, 1H), 6.97 (d, 1H), 6.73 
(d, 1H), 3.95-3.80 (m, 2H), 3.49-3.24 (m, 5H), 3.07 (m, 2H), 2.71 (s, 3H), 2.14-1.94 (m, 4H). 
MS: m/z(MH) = 430. 

Example 20 

(SH-)-l^-chlorobenzoyl)-8-(octahydropyrrolo[l,2^Jpyra2in-2-yl)pyrroIo[23- 
£]quinoline (£20) 



A stirred solution of (S)-(-)-8-(octahy<kopyrrolo[l,2-a]py^ 

(D37, 150 mg, 510 ^imole) in dry DMF (15 ml) was treated with DMAP and 4-chlorobenzoyl 
chloride (0.38 mmole). After 18 h the solution was partitioned between DCM and saturated 
aqueous NaHC0 3 solution. The organic phase was washed with brine, dried over MgS04, 
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filtered and concentrated to dryness in vacuo. The product was obtained after silica gel 
chromatography eluting with DCM followed by DCM/MeOH 19:1, as a yellow gum (19 mg, 
21%). 

lH NMR (250 MHz, CDC1 3 ) 6 (ppm): 9.10 (s, 1H), 8.76 (d, 1H), 8.28 (d, 1H), 7.74 (d, 2H), 
7.56 (d, 2H), 7.49 (dd, 1H), 6.90 (d, 1H), 6.82 (d, 1H), 3.73 (m, 2H), 3.16 (m, 2H), 2.78 (m, 
2H), 2.36 (m, 2H), 1.90 (m, 4H), 1.54 (m, 1H). MS: m/z (MH) = 430. 

Example 21 

(SM-)-2,3-Dihydro-l-[2-(4-chlo™^ 

(octahydropyrrolo[l,2-alpyrazin-2-yI)pyrroIo[2,3^]quinoiine (E21) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2>yl)pyrrolo[2,3-^]quinoline (D 10, 170 nmole), and 2-(4-chlorophenyl)-3- 
trifluoromethylpyrazole-4-carboxylic acid (250 ^mole) using a similar procedure to Example 
4, as a yellow glass (52%). 

lH NMR (250 MHz, CDCI3) 8 (ppm): 8.90 (s, 1H), 8.63 (d, 1H), 7.90 (s, 1H), 7.86 (s, 1H), 
7.51 (d, 2H), 7.44 (d, 2H), 6.85 (d, 1H), 4.18-4.06 (br. t, 2H), 3.78-3.63 (br. m, 2H), 3.37 (t, 
2H), 3.20-3.05 (br. m, 3H), 2.70-2.78 (br. t, 2H), 2.50-2.60 (br. m, 1H), 1.79-1.97 (br. m, 
4H), 1.45-1.57 (br. m, 1H). MS: m/z (MH) = 568. 

Example 22 

(SM-)-2,3-Dihydro-l-[5-(2-methyW 

8-(octahydropyrrolo[l,2-fl]pyrazin-2-yl)pyrrolo[2,3-^]quinoline (E22) 
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The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-£]quinoline (D 10, 170 ^mole), and 5-(2-methyl-5- 
trifluoromethylpyraol-3-yl)-thiophen-2-carboxylic acid (250 ^imole) using a similar 
procedure to Example 4, as a yellow glass (80%). 

*H NMR (250 MHz, CDCI3) 8 (ppm): 8.64 (s, 1H), 8.60 (d, 1H), 7.83 (s, 1H), 7.58 (d, 1H), 
7.31 (d, 1H), 6.85 (s, 1H), 6.82 (d, 1H), 4.48 (t, 2H), 4.02 (s, 3H), 3.69-3.57 (br. m, 2H), 3.39 
(t, 2H), 3.20-3.02 (m, 3H), 2.75-2.63 (m, 2H), 2.50-2.40 (br. m, 1H), 2.25-2.21 (br. m, 1H), 
1.92-1.76 (br. m, 3H), 1.44-1.55 (m, 1H). MS: m/z (MH) = 553. 

Example 23 

(SH-)-2^-Dihydro-l-(5-chlorothiophen-2-carbonyl)-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[23-^lquinoline (E23) 



The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyirolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 170 ^imole), and 5-chlorothiophen-2- 
carboxylic acid (250 jimole) using a similar procedure to Example 4, as a yellow glass 
(66%). 

J H NMR (250 MHz, CDCI3) 5 (ppm): 8.62 (s, 1H), 8.60 (d, 1H), 7.83 (s, 1H), 7.40 (d, 1H), 
6.95 (d, 1H), 6.81 (d, 1H), 4.42 (t, 2H), 3.68-3.56 (br. m, 2H), 3.39 (t, 2H), 3.20-3.00 (m, 
3H), 2.76-2.64 (m, 2H), 2.47-2.39 (br. m, 1H), 1.98-1.79 (br. m, 4H), 1.46-1.59 (m, 1H). 
MS:m/z(MH) = 438. 

Example 24 

(SM-)-23-Dihydro-l-[l-methyU 

(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[2,3-^lquinoline (E24) 
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A stirred solution of (S)-(0-23^hydro-8-(octahydropyn"olo[l,2-a]pyrazin-2-yl)pyrrolo[2,3- 
£]quinoline (D10, 45 mg, 0.15 mmole) in anhydrous toluene (5 ml), under argon, was treated 
with a solution of methyl l-methyl-7-(6-methylpyridin-2-yl)indole-3-carboxylate (D42, 54 
mg, 0.19 mmole) in anhydrous toluene (5 ml). AlMe3 (0.15 ml, 0.29 mmole) was added via 
a syringe and the mixture was heated at reflux, under argon for 18 h. The reaction was 
cooled and poured directly onto a silica sep pak (5 g), which was eluted with 5% 
MeOH/DCM. Fractions containing the product were combined, concentrated to dryness in 
vacuo and the residue further purified by preparative tic, eluting with 15% MeOH/DCM, 
giving the title compound as a yellow solid (20 mg, 24%). 

lH NMR (250 MHz, CDC1 3 ) 6 (ppm): 8.58 (d, 1H), 8.39 (br. s, 1H), 7.98-7.93 (m, 2H), 7.70 
(dd, 1H), 7.51 (s, 1H), 7.37 (d, 1H), 7.26-7.19 (m, 3H), 6.83 (d, 1H), 4.37 (br. t, 2H), 3.71 
(br. d, 1H), 3.46 (s, 3H), 3.35 (br. t, 2H), 3.38-3.23 (br. m, 4H), 2.97 (br. s, 2H), 2.70-2.40 
(br. s, 2H), 2.65 (s, 3H), 2.07-1 .70 (br. m, 4H).MS: m/z (MH) = 543. 

Examples E25 - E72 were prepared in parallel using a similar procedure to that described for 
Example 4. 
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Example 73 

(SH-)-2^Dihydro-l-[5-(5-methyloxazol-2-yl)naphth-l-ylacetyl]-8- 
(octahydropyrroIo[l^-a]pyrazin-2-yl)pyrrolo[2^]quinoline(E73) 




The title compound was prepared from (S)-(-)-2,3-dihydro-8-(octahydropyrrolo[l,2- 
a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline (D10, 85 nmole), and 5-(5-methyloxazol-2- 
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yl)naphth-l-ylacetic acid (D27, 255 ^imole) using a similar procedure to Example 4, as a pale 
brown glass (70%). 

*H NMR (250 MHz, CDC1 3 ) 8 (ppm): 9.24 (d, IH), 8.87 (s, 1H), 8.60 (d, IH), 8.18 (d, 1H), 
8.14 (d, 1H), 7.80 (s, 1H), 7.64-7.48 (m, 3H), 6.99 (s, 1H), 6.82 (d, IH), 4.37 (s, 2H), 4.17 (t, 
3H), 3.68 (tar. t, 2H), 3.34 (t, 2H), 3.20-2.99 (m, 3H), 2.71 (t, 2H), 2.47 (s, 3H), 2.31 (q, 1H), 
1.95-1.70 (br. m, 3H), 1.55-1.42 (br. m, 1H). MS: m/z (MH) = 544. 

Example 74 

(SH-)- 2 ^-Dihydro-l-[5-(2,6-dimethylpyridin-4-yl)naphth-l-ylaminocarbonyl]-8- 
(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyrrolo[2,3-^]quinoline (E74) 



(S)-(-)-2,3-dihydro-8-(octahydrop^ 

100 mg, 340 pinole) in DCM (10 ml) was added to a solution of 5-(2,6-diraethylpyridin-4- 
yl)naphth-l-yl isocyanate (D15, 0.38 mmole) in DCM (10 ml). The mixture was heated at 
reflux under argon for 16 h, then concentrated in vacuo to afford the crude product. This was • 
purified by silica gel chromatography, eluting with DCM:MeOH (93:7), to give the title 
compound as a cream coloured solid (80 mg, 41%). 

lH NMR (400 MHz, CDCI3) 8 (ppm): 8.56 (d, 1H), 8.47 (s, 1H), 8.03 (d, 1H), 7.85 (d, 1H), 
7.83 (s, 1H), 7.70 (d, 1H), 7.55 (dd, 1H), 7.47 (dd, 1H), 7.40 (d, 1H), 7.09 (s, 1H), 7.08 (s, 
2H), 6.82 (d, 1H), 4.30 (t, 2H), 3.64 (d, 1H), 3.56 (d, IH), 3.44 (t, 2H), 3.07-2.98 (m, 3H), 
2.69 (t, 1H), 2.62 (s, 6H), 2.55 (dt, 1H), 2.32 (br. m, 1H), 2.14 (q, IH), 1.87-1.61 (br. m, 3H), 
1 .42-1 .38 (m, IH). MS: m/z (M-H) - 567. 

Examples E75 - E80 were prepared in parallel using a similar procedure to that as described 
for Example E74. 
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(tf)-Enantiomers of Examples 23, 29, 33 and 35 were prepared by coupling (R)-(+)-2,3- 
dihydro-8<octahydropyiroto^ prepared from (R> 

(+)-octahydropyrrolo[l,2-a]pyrazine (J. Med Chem., 1993, 36, 2311) according to the 
procedures described in D7 - D10, with carboxylic acids using procedures similar to that 
described in Example 4. 

Pharmacological Data 

The affinities of the compound of this invention was determined using the radiolabeled 
binding assay as described above. 

5-HTi a, 5-HTib and 5-HTid Receptor Binding 

All Examples had pKi values > 7.5 at 5-HTia, S-HTjb and 5-HTid receptors. 
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CLAIMS 

1 . A compound of formula (I) or a salt thereof: 




in which R a is selected from a group of formula (i) or (ii); 
Group of formula (i) 




(i) 

wherein P 1 is phenyl, bicyclic aryl, C3-<scycloalkyl, a 5 to 7 membered heterocyclic ring 
containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur, or a bicyclic 
heterocyclic ring containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur, 
R 1 is halogen, C^galkyl, C3^cycloalkyl, Cj^alkoxy, hydroxy, hydroxyC^galkyl, 
hydroxyCi-galkoxy, C^alkoxyC^alkoxy, C^galkanoyl, NC^, CF3, CN, SR 9 , SOR 9 , 
SO2R 9 SO 2 NR10r11, co 2 r 10 , CONRlORll, CONRlO^H^c^R 1 1 , 
(CH 2 ) c NR10r11, (CH 2 ) c CONR^0r11, (CH 2 ) c NRl0cORll, (CH^cCO^^ealkyl, 
CO 2 (CH 2 ) c OR 1 0, NRlORl 1, NR 10 CO 2 Rl 1, NR10 CO nr10r1 1, CR 10 =NOR 1 1, 
CNR 1 0=NOR 1 where R 9 , R 10 and R l 1 are independently hydrogen or Ci^alkyl and c is 
1 to 4; and 
aisO, 1,2 or 3; 

Group of formula (ii) 
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wherein and are independently phenyl, bicyclic aryl, a 5 to 7 membered heterocyclic 
ring containing 1 to 3 heteroatoms selected from oxygen, nitrogen and sulphur, or a bicyclic 
heterocyclic group containing 1 to 3 heteroatoms selected from oxygen, nitrogen or sulphur; 
A is a bond, O, S(0)n where n is 0 to 2, carbonyl, CH2 or NR 4 where R 4 is hydrogen or Ci_ 
galkyl; 

R* andR 2 are independently as defined above for R* in formula (i); and 
a and b are independently 0, 1, 2 or 3; 

L is a group of formula 

-Y-C(=0)-DG- or-C(=0)-DG- or -DG-C(=0)- 

in which Y is NH, NR 5 where R 5 is C^galkyl, or Y is CH 2 , O, CH * CH, or OCH 2 ; 
D is nitrogen, carbon or a CH group, G is hydrogen or Ci^alkyl providing that D is nitrogen 
or a CH group, or G together with R bl forms a group W where W is (CR 16 R 17 ) t in which t 
is 2, 3 or 4 and R 16 and R 17 are independently hydrogen or Chalky! or W is (CR 16 R 17 )u- 
J where u is 0, 1, 2 or 3 and J is oxygen, sulphur, CR 16 =CR 17 , CR 16 =N, =CR 16 0, =CR 16 S 
or ^RIG-MR! 7 provided that u is not 0 when J is oxygen or sulphur; 

Rbl is hydrogen or together with G forms a group W as defined above; 
X is nitrogen, carbon or a CH, 

is a single bond when X is nitrogen or CH and is a double bond when X is carbon. 

mis 1,2 or 3. 

2. A compound according to claim 1 in which X is a nitrogen atom and m is 1 . 

3. A compound according to any of the preceding claims in which within the 
definition of L the group D is nitrogen and the group G is hydrogen or together with R bl 
forms a further group (CH2>2- 
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4. A compound according to any of the preceding claims in which R a is a group 
of formula (i) and P 1 is a phenyl, naphthyl, quinolyl, pyridyl or thienyl group. 

5. A compound according to any one of claims 1 - 3 in which R a is a group of 
formula (ii) and P 2 is a phenyl, naphthyl, pyridyl, thienyl or furyl group 

6. A compound according to claim 1 which is: 
(S)-0-N-[4-(OctahydropyiToto 

(S)-(-)-N-[4-(Octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)quinolin-6-yl]-3 ,4-dichlorobenzamide, 
(SM-)-N-[4-(OctahydropyiTolo[ 1 ,2-a]pyrazin-2-yl)quinolin-6-yl]-3 ,4-dichlorobenzamide, 
(S)-(-)-2,3-Dihydro- 1 -[5-(2,6-dimethylpyridin-4-yl)naphth- 1 -ylcarbonyl]-8- 
(octahydropyrrolof 1 ,2-a]pyrazin-2-yl)pyrrolo[2,3-^]quinoline, 

(S)-(-)-6«.[5-(5-Methylpyridin-2-yl)naphth- 1 -oylamino]-4-(octahydn>pyrrolo[ 1 ,2-a]pyrazin-2- 
yl)quinoline, 

(S)-(-)-6-(2,3-Dichlorobenzoylamino]-4-(octahydropyrrolo[ 1 ,2-c]pyrazin-2-yl)quinoline, 

(S)-(-)-l-(2,3-Dichlorobenzoyl)-2,3-dihy^ 

yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[4-(5-methyloxazol-2-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline 

(SH-)-2>Dihydro-l-[5-(5-methylpy^ 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline trifluoroacetate 

(S)-(-)-2,3-Dihydro- 1 «[5-(2,5-dime%lpyridin-4-yl)naphth- 1 -oyl]-8-(octahydropyrTolo[ 1 ,2- 
a]pyrazin-2-yl)pynx)lo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[5-(6-me%lpyridin-2-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(SM-)-23-Dihydro-8-(octahydropyiroio^^ 

ylcarbonyl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[5-(2-methyloxazol-5-yl)naphth- 1 -oyl]-8-(octahydropyrrolo[ 1 ,2- 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro-l-[5-(3-methylisox^^ 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(SM-)-HH6-methylpyridin-2-yl)n^^ 

yl)pyrrolo[2,3-g]quinoline, 

(S)-(-> 1 -(4-chlorobenzoyl)-8-(octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 
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(S)-(-)-2,3-Dihydro- 1 42.(4<hlorophenyl)^-trifluoromethylpyrazole-4-carbonyl]-8- 
(octahydropyrrolo[l,2-a]pyrazin-2-yl)pyn'olo[2,3-g]quinoline, 
(S)-(-)-23-Dihydro-l-[5-(2-methyl-5-ta^ 
(octahydropyrrolo[ 1 ,2-a]pyrazin-2-yl)pyiTolo[2,3^5quinoline, 

(S)-(-)-2,3-Dihydro- 1 -(5-chlorothiophen-2-carbonyl)-8-(octahydropyrroIo[ 1 ,2-a]pyrazin-2- 
yl)pyrrolo[2,3-£]quinoline, 

(S)«(-)-2,3-Dihydro- 1 -[ 1 -methyl-7-(2-methylpyridin-6-yl)indol-3-carbonyl]-8- 
(octahydropyTTolo[l,2-a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-2,3-Dihydro- 1 -[5-(5-methyloxazol-2-yl)naphth- 1 -ylacetyl]-8-(octahydropyrrolo[ 1 ,2- 

a]pyrazin-2-yl)pyrrolo[2,3-g]quinoline, 

(S)-(-)-23-Dihydro-l-[5-(2,6-d^ 

(octahydropyrrolof 1 ,2-a]pyrazin-2-yl)pyiTolo[2,3-^]quinoline 
or a pharmaceutical^ acceptable salt thereof. 

7. A process for the preparation of a compound of formula (I) which comprises: 
(a) where L is -C(=0)-DG - or -DG-(C=0)-, coupling a compound of formula (II): 

R a -L* 
01) 

with a compound of formula (III): 




in which R a , R bl , X and m are as defined in formula (I) and L 1 and L 2 contain the 
appropriate functional groups which are capable of reacting together to form the L moiety; or 

(b) where L is - Y -C(=0)-DG in which D is nitrogen and Y is NH, coupling a compound 
of formula (IV): 

R*-NC(=0) 
(IV) 
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in which R a is as defined in formula (I) or a protected derivative thereof, with a compound of 
formula (V): 




GNH 



(V) 

in which R^l, X, m and G are as defined in formula (I), or a protected derivative thereof; or 

(c) where L is - Y -C(0)-DG - in which D is nitrogen and Y is NH or NR 5 , reacting a 
compound of formula (VI) 

R a -NH 2 or R a -NR 5 H 
(VI) 

in which R a and R^ are as defined in formula (I) with a compound of formula (V) together 
with an appropriate urea forming agent; or 

(d) where L is - Y -C(=0)-DG - in which D is nitrogen and Y is CH2 or O, reacting a x 
compound of formula (VII): 

R a -Y- (C=0)-l3 

(vn) 

in which R a is as defined in formula (I), and is an appropriate leaving group, with a 
compound of formula (V); or 

(e) where L is - Y -C(=0)-DG - in which D is CH and Y is NH, reacting a compound of 
formula (VI): 

R a -NH 2 
(VI) 

in which R a is as defined in formula (I) with a compound of formula (VIII): 
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(VIII) 

in which D, G, R^^ , X and m are as defined in formula (I) and is an appropriate leaving 
group; 

and optionally thereafter 

• removing any protecting groups; 

• forming a pharmaceutical^ acceptable salt. 

8. A compound according to any of claims 1 to 6 for use in therapy. 

9. A compound according to any of claims 1 to 6 for use in the treatment of 
depression. 

10. A pharmaceutical composition which comprises a compound according to any ' 
of claims 1 to 6 and a pharmaceutical^ acceptable carrier. 
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